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97°IO'W). The habitat consisted mostly of a sandy bottom, although the 
deeper end of the collection area contained a ground cover of shoalgrass 
and turtle grass. The collected fish were kept in a 12-L bucket containing 
seawater from the site and an aerator and transferred to the laboratory. In 
the laboratory, the fish were transferred to a llO-L (76 x 45 x 31 cm) tank 
with seawater, an aerator, a filter, and a heater keeping the temperature at 
approximately 25 C. The bottom of the tank was covered with 
approximately 3 cm of dark gravel, with 3 artificial plants in the 
substratum at the middle of the tank. Light fixtures were placed 30 cm 
above the tank. Fish were fed daily with Tetra Min® flakes released from 
an automatic feeder. A second IIO-L tank that was similarly equipped to 
the maintenance tank was used for the behavioral studies. Ten fish at a 
time were transferred to the behavioral studies tank. The fish were left to 
acclimatize for at least 48 hr prior to the behavioral studies. In preliminary 
studies, we observed for several behaviors that had been linked to E. 
californiensis infections of F. parvipinnis (see Lafferty and Morris, 1996). 
The preliminary studies determined that surfacing behavior was the most 
common and easily observed behavior in F. similis, and that the frequency 
of surfacing varied substantially among individual fish. Surfacing 
presumably increases conspicuousness to an avian predator, and we, 
therefore, chose to quantify surfacing behavior in relation to the number 
of Euhaplorchis sp. A that resided on the brain of each fish. The behavioral 
studies took place during a IS-min period with an observer positioned 3 m 
from the tank. The observer's attention was focused on the behavior of I 
fish at a time. In addition to an observer, a video camera mounted on a 
tripod recorded the behavior of 24 of the 30 fish used in the study. The 
video footage was examined later to verify the behaviors noted by the 
observer and to measure the time spent by each fish in the top 5 cm of the 
tank. Immediately following each observation period, the fish was 
transferred to a plastic container with 0.2 L of seawater and euthanized 
by adding CO2 to the water. The standard length and wet weight were 
measured, and each fish was necropsied to identify and quantify 
metacercariae of Euhaplorchis sp. A on the brain. Thus, the infection 
status of each fish was unknown to the observer until the subsequent 
necropsy. 
Infection parameters of Euhaplorchis sp. A in the first intermediate 
host, C. pliculosa 
We examined the prevalence of infection and the abundance of 
Euhaplorchis sp. A in the first intermediate snail host, C. pliculosa from 
a mudflat adjacent to the fish collection site. In August 2008, ISS C. 
pliculosa were collected from 3, IS X IS m rectangular plots positioned 
along an intertidal mudflat separated by IS m from each other and 
shoreward of a stand of black mangrove (A. germinans). In each plot, 
snails were collected by hand from 10 randomly assigned, 0.25 m2 
quadrats; all snails were collected for later determination of the prevalence 
of Euhaplorchis sp. A. Additional snails were collected to ensure a 
minimum of 50 snails from each plot. In the laboratory, shell length was 
measured to the nearest 0.1 mm using vernier calipers, and the snail 
gonads were necropsied and examined for the presence of cercariae and/or 
rediae of Euhaplorchis sp. A, which were identified according to McNeff 
(1978). 
To estimate the exposure of F. similis to Euhaplorchis sp. A cercariae, we 
collected a large number of C. pliculosa from the intertidal mudflat 
adjacent to the black mangrove habitat described above. The snails were 
brought to the lab and placed individually in well plates with 20 ml of sea 
water. The snails were incubated at 25 C for 24 hr under a light source to 
stimulate cercariae shedding. All snails that shed at least I Euhaplorchis sp. 
A cercaria were then separated from the rest and used to calculate the 
mean daily production of cercariae. Each Euhaplorchis sp. A-infected snail 
was removed from the well plate, and the well was gently stirred with a 
pipette to mix the sample. Three, I-ml sub-samples were taken from the 
center of the well, and the number of cercariae in each sample was 
counted. We estimated the total number of cercariae released by each 
infected snail by multiplying the average number of cercariae from each 
sub-sample with the total volume of water in the sample. 
Infection parameters Euhaplorchis sp. A in second intermediate 
host, F. similis 
We collected F. similis on 4 different occasions to examine the 
prevalence and abundance of Euhaplorchis sp. A infections (May 2008 
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FIGURE I. Relationship between the number of Euhaplorchis sp. A 
metacercariae on the brain of Fundulus similis, and the time spent in the 
top 5 cm of the water column in an experimental tank during IS min of 
observations (n = 24). The regression line represents the best linear fit 
through all data points ±95% confidence interval (y = 0.97x + 8.41, 
R2 = 0.69). 
[n = 21], July 2008 [n= 30], and November 2008 [n = 46], and in July 2009 
[n = 49]) for a total of 146 individuals. On all occasions, except July 2008, 
the collected fish were preserved in 5% formalin and transported to the 
University of Texas-Pan American. Fish collected in July 2008 were used 
for the behavioral study and were, therefore, transported live to the lab 
(see above), where the standard and total lengths were measured to the 
nearest mm and the biomass was determined to the nearest 0.01 g for all 
fish. The brain of the fish was removed and transferred to a microscope 
slide and covered with a coverslip. Slight pressure was added to the 
coverslip before inspecting the slide using a compound microscope at 
100x. All Euhaplorchis sp. A metacercariae were counted and identified 
according to McNeff (1978). 
RESULTS 
Behavioral studies 
All 30 fish used in the behavioral study harbored Euhaplorchis 
sp. A metacercariae on the brain case (Fig. 1). However, the 
number varied greatly from 55 to 549 metacercariae per fish 
(Fig. I). There was no significant relationship between fish 
standard length and the number of parasites (linear regression, 
R2 = 0.004, F = 0.11, P = 0.75). However, time spent in the top 
5 cm of the tank was significantly and positively related to the 
number of metacercariae on the brain of the killifish (linear 
regression, If = 0.69, F = 51.77, P < 0.001, n = 24; Fig. 1), and 
heavily infected fish spent significantly more time at the surface of 
the tank than individuals with fewer metacercariae. Similarly, the 
number of surfacing events was significantly and positively related 
to the number of Euhaplorchis sp. A on the brain of F simi/is 
(linear regression: R2 = 0.439, F = 21.869, P < 0.001, n = 30). 
Infection parameters of Euhaplorchis sp. A in the first 
intermediate host, C. pliculosa 
The mean density of C. pliculosa on the mudflat was 41.1 m-2 
(SE = 8.05), and the mean snail size was 19.8 mm (SE = 0.4, 
range = 9.5-28.6 mm). The mean prevalence of Euhaplorchis sp. 
A infections in the snails was 7.2% (SE = 2.9) from the 3, 15 X 
15 m plots. A simple estimate of the density of snails infected with 
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FIGURE 2. Mean abundance of Euhaplorchis sp. A on the brain of F 
similis on each of 4 sampling occasions. The lower boundary of the box 
indicates the 25th percentile, the line within the box marks the median, 
and the upper boundary of the box indicates the 75th percentile. Whiskers 
above and below the box indicate the 90th and 10th percentiles, 
respectively. Outliers are shown as black dots outside the box (May 
2008: n = 21, July 2008: n = 30, November 2008: n = 46, July 2009: 
n = 49). 
Euhaplorchis sp. A is, therefore, 41.1 snails m-2 X 0.072 = 2.96 
infected snails m -2. 
The mean number of Euhaplorchis sp. A cercariae produced in 
24 hr was 1,338.8 (SE = 142.1, range: 27-2,413, n = 28). The 
estimated mean cercariae density on the mudflats is then 2.96 
infected snails m-2 X 1,338.8 cercariae snail- I day-I = 3,962.8 
cercariae m-2 day-I. 
Infection parameters Euhaplorchis sp. A in second 
intermediate host, F. similis 
The total mean prevalence of Euhaplorchis sp. A across all 4 
sampling events was 97.8% (SE = 2.18), with a mean abundance 
of 159.8 metacercariae per fish (SE = 9.67, range: 0--549). 
Euhaplorchis sp. A was common in F. similis on all sampling 
occasions (Fig. 2). However, the mean abundance differed 
significantly among sampling events (I-way ANOVA, F = 3.51, 
df = 3, P = 0.017) with fish from the July 2008 sample harboring 
a significantly higher mean abundance of metacercariae compared 
to fish collected in November 2008 (Tukey test, P = 0.009). No 
significant relationship was detected between fish standard length 
and the number of metacercariae harbored on the brain across the 
4 sampling events (linear regression: R2 = 0.05, F = 1.19, P = 
0.287, n = 146; Table I, Fig. 3). The variance-to-mean ratio 
increased from small to mid-sized fish, after which it seemed to 
reach a plateau (Table I). 
TABLE I. Distribution of Euhaplorchis sp. A in longnose killifish from 
Lower Laguna Madre, Texas, by size category. 
Size category Mean intensity Variance-to-
(mm) n ±SD Range mean ratio 
0-29 58 168.4 ± 103.7 0-413 63.9 
30--50 77 160.0 ± 124.2 0--549 96.5 
51-74 11 158.5 ± 122.8 13-437 95.2 
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FIGURE 3. Relationship between the standard length of F similis and 
the number of Euhaplorchis sp. A metacercariae lodged on the brain. The 
data represent all individuals collected from all 4 collections (n = 146). 
DISCUSSION 
Trophically transmitted parasites are essential elements in most 
aquatic food webs (Lafferty et aI., 2006, 2008). In particular, 
parasites that increase the predation rate of intermediate hosts to 
vertebrate definitive hosts may be of disproportionate importance 
to food web structure (Thomas and Poulin, 1998; Lefevre et aI., 
2009). In the present study, we determined if Euhaplorchis sp. A, a 
trematode that infects longnose killifish in the Gulf of Mexico, 
can change the behavior of its host to make it more conspicuous 
to a bird final host, similar to E. californiensis in California. 
We demonstrated that Euhaplorchis sp. A significantly increases 
the time that the fish host spends at the surface of the water 
column, and increases the number of surfacing events in an 
intensity-dependent way. These behaviors are consistent with 
those previously reported by Lafferty and Morris (1996), who 
found that heavily infected F. parvipinnis were much more likely 
to fall prey to piscivorous birds than uninfected controls. Our 
data suggest that Euhaplorchis sp. A probably makes infected fish 
more conspicuous and vulnerable to predation by avian definitive 
hosts, although we did not confirm predation by birds in this 
study. The location of metacercariae on the brain case of killifish 
makes them well positioned to influence host behavior, which is 
presumably linked to altered concentrations of dopamine and 
serotonin in the brain of infected killifish (Shaw et aI., 2009). 
Euhaplorchis sp. A was relatively common in the first interme-
diate host, C. pliculosa, and high production of cercariae by the snail 
intermediate host provides an estimated density of cercariae of 
almost 4,000 m -2 day -I. Accordingly, Euhaplorchis sp. A was very 
common in F. similis with very few uninfected individuals. The mean 
abundance of Euhaplorchis sp. A in the longnose killifish was lower 
than that observed in F. parvipinnis (Shaw et aI., 2010), which is 
probably a reflection of a lower density of infected first intermediate 
hosts in Laguna Madre, and also could be partly because F. similis is 
a smaller species. However, the mean number of metacercariae 
found on the brain of fish collected in the field was well within the 
expected range necessary to induce the behavioral changes observed 
in our laboratory experiments (Fig. 1). 
There was no significant relationship between fish standard 
length and mean abundance of Euhaplorchis sp. A, which was 
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surpnsmg (Table I, Fig. 3). Typically, a positive relationship 
between mean abundance host size/age would be expected due to 
accumulation of parasites over time (Shaw et aI., 1995). In our 
study, larger fish clearly did not harbor more metacercariae than 
intermediate-sized fish. It is possible that larger and, hence, 
heavily infected fish are removed from the population by 
predation, which was indicated in the E. californiensis-F. 
parvipinnis system in California (Shaw et aI., 2010). Our data 
show that the variance-to-mean ratio plateaus in mid-sized fish 
(Table I), a characteristic that has been used to infer that heavily 
infected individuals are disproportionally removed from the 
population (Rousset et aI., 1996). Larger fish may also be less 
susceptible to ne~ infections. Experimental infections are needed 
to verify if host size influences the success of cercariae infection. 
There was very little seasonal variation in the mean abundance 
of Euhaplorchis sp. A metacercariae in longnose killifish, with the 
highest mean abundance recorded in July 2008 (mean = 218.4). 
The abundance of Euhaplorchis sp. A in both snail and fish 
hosts suggests a high rate of transmission to avian definitive hosts 
in Laguna Madre. Previous studies showed that the prevalence 
of Euhaplorchis sp. A in C. pliculosa from 2 other locations in 
the Lower Laguna Madre was 8.3% and 14.8%, respectively 
(B. Fredensborg, unpubI. obs.). Prevalence in the present study 
(7.2%) is, therefore, a conservative estimate of the prevalence of 
Euhaplorchis sp. A in C. pliculosa in the area. Laguna Madre is a 
shallow lagoon that harbors a rich and abundant community of 
fish-eating birds that often are observed foraging in the relatively 
shallow water close to the mangrove trees (Farmer, 1991; Withers, 
1996), and successful captures of longnose killifish by birds have 
been observed (B. Fredensborg, pers. obs.). There is, therefore, 
little doubt that the abundant F. simi/is serves as important prey 
for wading birds in the area. Based on the number of Euhaplorchis 
metacercariae in the killifish, we expect that the majority of fish-
eating birds are infected with Euhaplorchis sp. A. 
Previous studies indicate that Euhaplorchis sp. A is a widely 
distributed parasite in the Gulf of Mexico. It has been reported in 
C. pliculosa from Dauphin Island, Alabama (prevalence 4.9%), 
and from the Yucatan peninsula (prevalence 3.0%), suggesting a 
wide geographic range of this species (McNeff, 1978; Aguirre-
Macedo, 2011). Similar species, i.e., Cercaria coruscantis and 
Euhaplorchis sp., have been reported in C. scalariformis in 
Florida, and Cercariae caribbea X in C. costata in Puerto Rico 
(Cable, 1956; Smith, 2001). No behavioral studies have been 
published for any of those species. Based on our data, we expect 
that several related species in the Euhaplorchis species complex 
may serve a similar function in different regions and on different 
fish species. The very well documented effects of E. californiensis 
and other parasites on salt marsh ecosystems in southern 
California could be generally applicable to estuarine systems that 
harbor a similar parasite fauna. In addition, the high productivity 
of cercariae in the snail first intermediate hosts significantly 
contributes to estuarine biomass production (Kuris et aI., 2008; 
Thieltges et aI., 2008). The abundance of Euhaplorchis sp. A and 
its effect on the behavior of F. similis is, therefore, further 
evidence that parasites should be factored into future food web 
studies in estuarine ecosystems. 
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SPATIAL STRUCTURE OF HELMINTH COMMUNITIES IN THE GOLDEN GREY MULLET, 
LlZA AURATA (ACTINOPTERYGII: MUGILlDAE), FROM THE WESTERN MEDITERRANEAN 
Raul Miguez-Lozano, Trinidad V. Pardo-Carranza*, Isabel Blasco-Costat, and Juan Antonio Balbuena 
Institut Cavanilles de Biodiversitat i Biologia Evolutiva, Universitat de Valencia, P.O. Box 22085, 46071 Valencia, Spain, e-mail: raul.miguez@uv.es 
ABSTRACT: Ecological investigations regarding the parasite fauna of grey mullets are scarce. The present study provides a detailed 
description of the helminth communities of Liza aurata in the Spanish western Mediterranean and analyzes the role of spatial, 
temporal, and host variables in shaping the infracommunities, In total, 204 fish were collected in 2 localities, situated ca. 290 km apart, 
in spring and fall of 2004 and 2005, A non-metric multidimensional scaling (NMDS) was used to visualize an ordination of the 
infracommunities according to their relative similarities in parasite abundances. The relationship between infracommunity composition 
and explanatory variables (host size, locality, year, and season of harvest) was examined by permutational analysis of variance 
(PERMANOV A) applied to species abundances. Permutational tests for homogeneity of multivariate dispersion were used to test the 
null hypothesis of no differences in dispersion among groups formed by the factors whose effects were significant in PERMANOV A. A 
total of 33,241 helminth parasites, belonging to 18 species, was collected, i,e" 12 species of adult digeneans (23% of the parasite 
specimens), 3 digeneans as metacercariae (68%), I acanthocephalan (2.1%), and 2 monogeneans (6.5%), An important part of this 
helminth fauna is specialized to grey mullets, with a sizable portion of the component community restricted to the Mediterranean and 
northeast Atlantic, The NMDS ordination indicated high heterogeneity among infrapopulations, However, most differences at both 
the component and infracommunity level were related to geographic locality, In fact, the PERMANOV A showed that, among the 
explanatory variables considered, sampling locality accounted for the largest share of variation. The geographical differences observed 
may be related to local environmental characteristics or to the limited spatial dispersal of the species forming the component 
community, The latter was supported by the significant portion of variation explained by a 3-way interaction term. Thus, the spatial 
structure of our helminth infracommunities seems to be determined by a combination of differences in local environmental conditions 
and the transmission ability of each species at small local and time scales, 
Numerous studies have focused on indentifying factors or 
patterns involved in the organization of communities of free-
living plants and animals (Smith and Huston, 1989; Lovei and 
Sunderland, 1996), Environmental and biotic variables can have 
an influence on community structure (Quinn and Dunham, 1983), 
but additional factors such as historical events, inputs of auxiliary 
energy, or different disturbances can also play an important role 
(Borcard and Legendre, 1994), The diversity and complexity of 
these factors make it difficult to evaluate their contribution to 
community structure within an area, However, given that the 
spatial structure of a community can reflect variation in these 
variables, much attention has been given to variation partitioning 
methods (Borcard et aI., 1992; Anderson and Gribble, 1998; 
Peres-Neto et aI., 2006), This approach allows quantification of 
the influence of the main classes of factors (environmental, spatial 
and biotic alone, and a combination of these) at the community 
structure, This method has been used in different free-living 
community studies (Borcard et aI., 1992; Pinel-Alloul et aI., 1995; 
Aude and Lawesson, 1998) but has seldom been applied to 
parasites (Calvete et aI., 2012), even though parasites offer an 
excellent model for the study of different patterns of organization 
at different levels, depending on the physical scale chosen (Sasal 
et aI., 1997, 1999), 
The variable partitioning approach is applied in the present 
study to the helminth community of the golden grey mullet, Liza 
aurata, a coastal species that occurs in marine and brackish 
habitats from the northwest Atlantic and the Mediterranean and 
Black Seas, Grey mullets (Mugilidae) are common in all warm 
and temperate seas of the world and live in a wide range of 
habitats, They harbor a highly diversified parasite fauna, which 
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includes representatives of all major parasitic groups and some 
species of parasite specialists of this group of fishes (Fernandez-
Bargiela, 1987). Numerous studies have provided data on the 
parasite faunas within diverse zones of the world, as reflected by 
both taxonomic studies (Sarabeev and Balbuena, 2004; Blasco-
Costa et aI., 2006; Pankov et aI., 2006; Blasco-Costa et aI., 2008; 
Blasco-Costa, Balbuena et aI., 2009; Blasco-Costa, Montero, 
Balbuena, et aI., 2009; Blasco-Costa, Montero, Gibson, Balbuena, 
and Kostadinova, 2009; Blasco-Costa, Montero, Gibson, Bal-
buena, Raga et aI., 2009; Blasco-Costa et aI., 2010) and species 
inventories (Paperna, 1975; Dmitrieva and Gerasev, 1996; 
Kostadinova, 2008). However, ecological studies determining 
traits affecting the parasite fauna of these fishes are scanty and are 
generally restricted to selected parasite species (Fajer-Avila et aI., 
2006; Vo et aI., 2008), To our knowledge, only Knoff et aL (1997), 
Merella and Garippa (2001), and Dzikowski et al. (2003) have 
focused on all species of a parasite infracommunity. 
The aims of the present study were 2-fold. First, we provide an 
account of the helminth communities of the golden grey mullet (at 
both the component community and infracommunity levels). 
Second, we determine the contribution to variation of the parasite 
infracommunity composition of host, spatial, and environmental 
variables. 
MATERIALS AND METHODS 
This study is based on 204 golden grey mullets from 2 marine areas of 
the Spanish Mediterranean coast. namely off the Ebro Delta (hereafter 
referred to as ED) (400 30'-400 50'N, 0030'-IOI0'E) and the Bay of Santa 
Pola (SP hereafter) (38°00'-38°20'N, OOlO'-0040'W), Grey mullets were 
collected opportunistically during spring (March to June) and fall 
(September to December) of 2004 and 2005 from fishing vessels which 
operated out of local ports and returned on the same day. (See below for 
sample sizes per locality, season, and yeaL) 
The sampling areas are about 290 km apart and their hydrological 
conditions correspond to those typical in the western Mediterranean. 
Surface water temperature usually ranges between 14 C (winter) and 29 C 
(summer), although winter temperatures are slightly higher at SP (Fig. 1) 
due to the warmer and dryer climate conditions in the area (Garcia 
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FIGURE 1. Monthly average sea surface data of (A) temperature (1995-
2007); (8) salinity (1890--2008); and (C) chlorophyll concentration (1998-
2007) at the 2 western Mediterranean sampling localities, Ebro Delta (ED) 
and the Bay of Santa Pola (SP). Source: SeaDataNet (http://gher-diva. 
phys. ulg.ac. be/web-vis/clim.html). 
Rodriguez, 2003). Waters in ED are mostly influenced by a coastal current 
following the continental slope in a northwestern direction (Millot, 1999) 
and have higher overall salinity than water in SP (Fig. 1), which falls 
outside the direct reach of the general water circulation in the 
Mediterranean (Garcia Rodriguez, 2003). The ED locality is highly 
influenced by the effiuents of the Ebro River, accounting for a marked 
drop in salinity from May to July and an overall higher primary 
productivity (measured as chlorophyll concentration) than at SP (Fig. 1). 
Collected fishes were measured (as standard length in em) and weighed 
to the nearest gram. Grey mullets were surveyed for helminth parasites 
including examination of the external body surface, body cavity, gills, 
heart, liver, spleen, gall bladder, digestive tract, gonads, kidney, swim 
bladder, brain, and eyes. Gut contents were rinsed into beakers and mixed 
with sodium bicarbonate to remove mucus, and the parasites were allowed 
to settle by decantation. 
Species identification was attempted to the lowest possible level. In the case 
of haploporid trematodes, we followed identification keys by Blasco-Costa 
et al. (2008), Blasco-Costa, Montero, Balbuena et al. (2009), Blasco-Costa, 
Montero, Gibson, Balbuena, and Kostadinova (2009), and Blasco-Costa, 
Montero, Gibson, Balbuena, Raga et al. (2009). When specimens of 
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Dicrogaster sp. were slightly despoiled, identification was only possible to 
the generic level. In such cases, an estimate of the number of specimens of 
each species was assessed by a ratio of 1:1, obtained by sequencing the 
internal transcribed spacer 2 of a subset of individuals and comparing their 
sequences with those provided by Blasco-Costa, Balbuena et al. (2009) from 
identified specimens (GenBank FJ211248, FJ211267, and FJ211268). 
Parasites from the Hemuridae were identified based on Blasco-Costa et al. 
(2006) and Blasco-Costa et al. (2008). Identification of acanthocephalans and 
monogeneans followed Yamaguti (1963) and Orecchia et aI. (1988), and 
Euzet and Suriano (1977), respectively. 
Prevalence and mean abundance were calculated as per Bush et al. 
(1997). Data analysis was carried out at the infracommunity and 
component community levels. Locality, year, and season of fish capture 
defined 8 samples, coded as EDlS (n = 29), EDIF (n = 12), ED2S (n = 
30), ED2F (n = 31), SPIS (n = 30), SPIF (n = 12), SP2S (n = 30), and 
SP2F (n = 30) where ED and SP denote the sampling locality, I and 2 the 
year of capture (2004 and 2005, respectively) and the season of sampling S 
and F (spring and fall, respectively). To simplify interpretation, the 
multivariate analyses were carried out with the 13 most-common parasite 
species (8 adult digeneans, 2 larval digeneans, I acanthocephalan, and 2 
monogeneans). These species had a prevalence ~IO% and accounted for 
99.89% of the parasites collected. 
We used non-metric multidimensional scaling (NMDS) based on the 
Bray-Curtis similarity index to obtain an ordination of the infracommu-
nities according to their relative similarities in parasite abundances. The 
analysis was carried out using 100 random starts with 2- and 3-
dimensional configurations in order to find an optimal ordination. Given 
the wide differences in abundance ranges among species (see results 
section), in preliminary analyses we tried 3 different standardizations and 
transformations of the data in order to down-weight the contribution 
of the quantitatively dominant species, namely species standardization 
by species maxima (Gauch, 1982), Wisconsin double standardization of 
square-root transformed abundances (Oksanen, 2011), and fourth-root 
transformation of species abundances (Field et aI., 1982). All methods 
yielded similar results, but a 3-dimensional ordination based on the 
fourth-root transformation was ultimately chosen because it provided 
the best quality ordination (assessed by the stress value and inspection of 
the Sheppard plots). A I-way analysis of similarity (ANOSIM) was used 
to determine the significance of eventual grouping patterns in the NMDS 
ordination (Clarke, 1993) . 
We applied permutational multivariate analysis of variance (PERM-
ANOV A) based on Bray-Curtis dissimilarities to the fourth-root 
transformed data matrix in order to assess the contribution to variation 
in helminth infracommunity abundance of potential explanatory variables 
based on space (sampled area), time (year and season of capture), and host 
size (body weight). PERMANOV A is a distribution-free analytical 
method analogous to rimltivariate analysis of variance (Anderson, 2001; 
McArdle and Anderson, 2001), which is very flexible in model design and 
allows mixed models wherein the effect of fixed, random, and covariate 
factors and their interactive terms can be tested simultaneously (Anderson 
et aI., 2008). PERMANOV A was performed using a crossed design where 
year and locality were considered as random factors, season as a fixed 
factor, and body weight as a covariate. Locality was taken as a random 
factor because we were interested in quantifying the spatial variation in 
parasite infracommunities in the given geographical scale (rather than 
testing for significant differences between the 2 localities). Thus, the 2 
localities were regarded as a random sample of possible localities 
separated by a similar distance. Body weight was log-transformed to 
linearize the relationship and to minimize the influence of outliers. A full 
factorial model was first fitted, and terms yielding negative variation 
components or high P-values (>0.25) were sequentially pooled with terms 
having equivalent expected mean squares after the component of variation 
of the term to be pooled was set to zero. The process was repeated until all 
the components of variation accounted by each term remaining in the 
model were positive and significant (P :5 0.05) (Anderson et aI., 2008). 
Because the size of 2 of our 8 samples was considerably smaller than the 
rest, we used a Type III sum of squares, as this tends to be the most 
conservative in unbalanced designs (Anderson et aI., 2008). To gain insight 
into the relative size of the components of variation explained by each 
factor in the final PERMANOV A model, distances among centroids of 
the 8 samples were computed and visualized by principal coordinate 
analysis (Anderson et aI., 2008). 
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Given that a significant effect could indicate that the groups differ in 
their location, in their dispersion in multivariate space, or in some 
combination of the 2, permutational tests for homogeneity of multivariate 
dispersion (PERMDISP) were performed to test the null hypothesis of no 
differences in dispersion among groups fonned by the factors whose 
effects were significant in PERMANOV A (Anderson et ai., 2008). All 
PERMAN OVA and PERMDISP analyses were based on 10,000 
permutations of the underlying dissimilarity matrices. Statistical analyses 
were carried out with PRIMER v6 (Clarke and Gorley, 2006) and 
PERMANOVA+ for PRIMER (Anderson et ai., 2008). 
RESULTS 
In total, 33,241 helminth parasites belonging to 18 species were 
collected and identified to species (except for Rhipidocotyle sp. 
metacercariae) (Table I). Twelve of the 18 species corresponded to 
adult digeneans of Haploporidae (Dicrogaster perpusilla, Dicro-
gaster contracta, Saccocoelium tensum, Saccocoelium obesum, and 
Saccocoelium currani), Haplosplanchnidae (Haplosplanchnus pachy-
somus and Schikhobalotrema sparisomae), and Hemiuridae (Lecitha-
ster con/usus, Robinia aurata, Saturn ius papernai, Saturn ius dimitrovi, 
and Saturnius minutus), accounting for 23% of the parasite 
specimens collected. Larval digeneans (metacercariae) were repre-
sented by 3 species, namely Cardiocephaloides longicollis (Strigeidae), 
Ascocotyle longa (Heterophyidae), and Rhipidocotyle sp. (Bucepha-
lidae), which represented 68% of the individual parasites. One 
acanthocephalan, Acanthogyrus lizae (Quadrigyridae) (2.1 %), and 2 
monogenean species, Ligophorus szidati and Ligophorus vanbenedeni 
(Dactylogyridae) (6.5%), were also found. Of the 18 parasite species, 
the 2 most abundant were by far the larval digeneans A. longa 
(11,376 individuals, 34% of all helminth specimens) and Rhipidoco-
tyle sp. (11,296, 34%). 
All of the 18 parasite species occurred at both localities. At ED, 
21,784 parasites were collected and larval digeneans were the most 
abundant with 76% of individuals, followed by adult digeneans 
(20%), monogeneans (3%), and acanthocephalans (I %). The 
11,457 parasites collected at SP were also dominated by larval 
digeneans (53%) whereas adult digeneans, monogeneans, and 
acanthocephalans accounted for 29%, 13%, and 5% of individ-
uals, respectively. The 8 component communities defined by 
locality, season, and year of host capture varied greatly in 
taxonomic composition, although some differences appeared 
linked to the sampling locality, i.e., monogeneans and acantho-
cephalans exhibited a higher share of the component communities 
in SP whereas larval digeneans were more dominant in the ED 
(Fig. 2). 
Prevalence values for all parasite species (Table I) also showed 
high variation among the 8 components communities considered, 
although different patterns between the sampling localities were 
again variable. In fact, the metacercariae A. longa and Rhipido-
cotyle sp. were the most common parasite species in all 
component communities, but prevalence tended to be higher in 
the ED (55-97%) than in SP (25-80%). In contrast, A. lizae, 
L. szidati, L. vanbenedeni, and S. sparisomae showed higher 
prevalence in the component communities in SP (Table I). 
All fishes were infected with at least I parasite species, 
harboring 4.9 ± 2.0 species (mean ± SD) per individual (range 
1-10, median 5). The mean number (±SD) of parasites per 
individual was 163 ± 207 (range 1-1,345, median 84). 
Figure 3 displays the NMDS ordination plot of the 204 helminth 
infracommunities based on the fourth-root transformed abun-
dances of the 13 most-common species. No clear, unambiguous 
separation was observed among the 8 samples delineated by season, 
year of collection, and sampling locality. Nevertheless, the 
ordination showed some geographical signal, given that infra-
communities from ED (triangles) tended to occur on the left-hand 
side of the plot whereas those of SP (squares and diamonds) were 
more often observed on the right-hand side. This pattern was 
statistically significant (I-way ANOSIM, P < 0.01). Species 
correlation with the NMDS axes (Fig. 3) indicated that the 
abundance of Saccocoelium spp., Dicrogaster spp., L. con/usus, 
R. aurata, Rhipidocotyle sp., and particularly of A. longa, tended to 
be positively associated with the ED infracommunities whereas 
Ligophorus spp., A. lizae, and S. sparisomae tended to show higher 
abundances in infracommunities from SP. 
The PERMANOV A analysis confirmed the high heterogeneity 
among helminth infracommunities, as 41 % of the total variation 
could be attributed to differences among fish individuals (residual 
variation in Table II). However, the effect of the explanatory 
variables was significant. Locality took the largest share of the 
explained variation, followed by the 3-way interaction between 
locality, year, and season. The effects on year of sampling and fish 
weight were significant although their contribution to variation was 
lower (Table II). The PCO ordination of the sample centroids 
(Fig. 4) clearly separated the samples geographically, and multi-
variate dispersion between infracommunities from SP and ED did 
not differ significantly in multivariate dispersion (Table II). The 
effect of year was more apparent in the ED samples, given the 
relative closeness of the centroids of the 2004 samples, but no clear 
pattern about the strength and direction of the 3-way interactive 
term was evident (Fig. 4). In addition, these effects are more 
difficult to interpret given the significant (P < 0.05) differences in 
multivariate dispersion among infracommunities (Table II). 
DISCUSSION 
Although the parasite fauna of L. aurata has been studied at 
different localities of the Mediterranean and Black Sea basins 
(Radujkovic and Petrovic, 1985; Merella and Garippa, 2001; 
Dzikowski et aI., 2003), the present effort represents the first 
analysis of Spanish western Mediterranean helminth communities 
at the infracommunity level. 
Helminth species richness of L. aurata in our zone of study is 
within the range of values reported in previous studies of grey 
mullets in other regions such as Brazil (Knoff et aI., 1997), 
Sardinia (Merella and Garippa, 2001), and Israel (Dzikowski 
et aI., 2003) where it varied between 16 and 36. Considering the 
major taxonomic groups, our component communities and 
infracommunities were dominated by digeneans followed by 
monogeneans, both in terms of number of species and number of 
individuals. This dominance of digeneans followed by monoge-
neans in the helminth fauna of grey mullets has also been amply 
shown in other studies (Fernandez-Bargiela, 1987; Knoff et aI., 
1997; Merella and Garippa, 2001; Dzikowski et aI., 2003; 
Kostadinova, 2008). 
In the present study, 13 species from a total of 18 recorded can 
be regarded as specific for mugilids. Two of these species, H. 
pachysomus and A. lizae, belong to generalist genera but their 
records are restricted to grey mullets (Gupta and Ahmad, 1979; 
Brglez and Paradiznik, 1988; Orecchia et aI., 1988; Gaevskaia and 
Dmitrieva, 1992; Liu, 2002; Liu et aI., 2009). The remaining II 
species belong to genera that occur exclusively in grey mullets and 
MIGUEZ-LOZANO ET AL.-HELMINTH COMMUNITIES IN L1ZA AURATA 907 
TABLE I. Prevalence and abundance of 18 helminth species from 204 Liza aurata, reported globally, and also broken down in 8 samples defined by 
harvest location, season, and year of capture. Sample abbreviations: EDIS = Ebro Delta, spring 2004; EDIF = Ebro Delta, fall 2004; ED2S = Ebro 
Delta, spring 2005; ED2F = Ebro Delta, fall 2005; SPIS = Santa Pola, spring 2004; SPIF = Santa Pola, fall 2004; SP2S = Santa Pola, spring 2005; 
SP2F = Santa Pola, fall 2005. 
EDIS (n = 29) EDIF (n = 12) ED2P (n = 30) 
Abundance Abundance Abundance 
Species Prevalence (%)" x ± SD Mb Prevalence (%) x ± SD M Prevalence (%) x ± SD M 
Digenea 
Dicrogaster perpusilla 55.2 (37.6-71.6) 18 ± 52 41.7 (19.3-68.1) 45 ± lSI 0 50.0 (33.2-66.8) 29 ± 93 0.5 
Dicrogaster contracta 58.6 (40.7-74.5) 7 ± 13 I 41.7 (19.3-68.1) 1.2 ± 1.6 0 46.7 (30.3-63.9) 22 ± 83 0 
Saccocoelium tem'um 48.3 (31.4-65.6) 3 ± 5 0 25.0 (8.9-53.2) 2 ± 4 0 63.3 (45.5-78.1) 27 ± 48 3 
Saccocoelium obesum 51.7 (34.4-68.6) 2±4 33.3 (13.8-60.9) 0.8 ± 1.3 0 43.3 (27.3-60.8) 3 ± 6 0 
Saccocoelium currani 
Haplosplanchnus pachysomus 3.4 (0.6-17.1) 0.0 ± 0.2 0 8.3 (1.5-35.3) 0.1 ± 0.3 0 
Schikhobalotrema sparisomae 6.9 (1.9-21.9) 1.5 ± 5.7 0 16.7 (7.4-33.6) 1.5 ± 6.8 0 
Lecithaster confusus 13.8 (5.5-30.6) o ± I 0 43.3 (27.3-60.8) 3 ± 6 0 
Robinia aurata 37.9 (22.7-55.9) 1.4 ± 3.6 0 8.3 (1.5-35.3) 0.1 ± 0.3 0 23.3 (11.8-40.9) o ± I 0 
Saturnius papernai 41.4 (25.5-59.3) 1.2 ± 2.1 0 41.7 (19.3-68.1) 1.0 ± 1.8 0 76.7 (59.1-88.2) 6 ± 5 4 
Saturnius dimitrovi 
Saturnius minutus 
Digenea metacercariae 
Cardiocephaloides longicollis 6.7 (1.9-21.4) 0.1 ± 0.3 0 
Ascocotyle longa 65.5 (47.3-80) 82 ± 191 7 83.3 (55.2-95.3) 70 ± 75 58 90.0 (74.4-96.5) III ± 92 94 
Rhipidocotyle sp. 65.5 (47.3-80) 48 ± 60 27 58.3 (31.9-80.7) 32 ± 90 1.5 96.7 (83.4-99.4) 89 ± 106 52 
Acanthocephala 
Acanthogyrus lizae 37.9 (22.7-55.9) 1.5 ± 3.5 0 41.7 (19.3-68.1) 0.8 ± 1.2 0 36.7 (21.9-54.5) l.l ± 2.9 0 
Monogenea 
Ligophorus szidati 6.9 (1.9-21.9) 0.9 ± 4.6 0 76.7 (59.1-88.2) 3 ± 3 3 
Ligophorus vanbenedeni 20.7 (9.9-38.4) 1.2 ± 3.2 0 96.7 (83.4-99.4) 14 ± 13 II 
a Estimate with 95% confidence intervals (based on Wilson score limits) in parentheses. 
b Median abundance. 
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FIGURE 2. Proportion of individual parasites grouped by major 
taxonomic groups in 8 samples defined by sampling location, season, 
and year of capture. Sample abbreviations: EDIS = Ebro Delta, spring 
2004; EDIF = Ebro Delta, fall 2004; ED2S = Ebro Delta, spring 2005; 
ED2F = Ebro Delta, fall 2005; SPIS = Santa Pola, spring 2004; SPIF = 
Santa Pola, fall 2004; SP2S = Santa Pola, spring 2005; SP2F = Santa 
Pola, fall 2005. 
include Dicrogaster (3 known species) (Blasco-Costa, Montero, 
Balbuena et aI., 2009), Saccocoelium (6 species) (Blasco-Costa, 
Montero, Gibson, Balbuena, Raga et aI., 2009; Blasco-Costa 
et aI., 2010), Saturn ius (8 species) (Blasco-Costa et aI., 2008), 
Robinia (I species) (Pankov et a!., 2006), and Ligophorus (some 23 
species) (Dmitrieva et a!., 2007). Several elements of the specific 
helminth fauna of L. aurata are associated with grey mullets 
worldwide, i.e., species of both Sa turn ius (Blasco-Costa et a!., 
2006, 2008; Blasco-Costa, 2009) and Ligophorus (Euzet and 
Sanfilippo, 1983; Merella and Garippa, 2001; Sarabeev and 
Balbuena, 2004; Rubtsova et aI., 2007; Abdallah et a!., 2009) as 
well as H. pachysomus (Gupta and Ahmad, 1979; Brglez and 
Paradiznik, 1988; Gaevskaia and Dmitrieva, 1992; Liu, 2002; Liu 
et aI., 2009). Nonetheless, a sizable portion of the grey mullet's 
component parasite community seems to be restricted to the 
Mediterranean basin and the northeast Atlantic. This includes all 
species of Dicrogaster and Saccocoelium (Blasco-Costa, 2009; 
Blasco-Costa, Montero, Balbuena et aI., 2009; Blasco-Costa, 
Montero, Gibson, Balbuena, Raga et aI., 2009) and A. lizae 
(Orecchia et aI., 1988; Huys and Bodin, 1997). 
In the present effort, high heterogeneity was observed in the 
composition of the helminth component communities and 
infracommunities between our 8 samples as defined by locality, 
year, and season of collection. Variation in community structure 
over large areas may be random. Therefore, species composition 
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TABLE I. Extended. 
ED2F (n = 31) SPlS (n = 30) SPIF (n = 12) 
Abundance Abundance Abundance 
Species Prevalence (%) x ± SD M Prevalence (%) x ± SD M Prevalence (%) x ± SD M 
Digenea 
Dicrogaster perpusilla 
Dicrogaster contracta 
Saccocoelium tensum 
Saccocoelium obesum 
Saccocoelium currani 
Haplosplanchnus pachysomus 
Schikhobalotrema sparisomae 
Lecithaster confusus 
Robinia aurata 
Saturnius papernai 
Saturnius dimitrovi 
Saturn ius minutus 
Digenea metacercariae 
Cardiocephaloides longicollis 
Ascocotyle longa 
Rhipidocotyle sp. 
3.2 (0.6--16.2) 
12.9 (5.1-28.8) 
48.4 (32.0-65.2) 
3.2 (0.6--16.2) 
16.1 (7.1-32.6) 
6.5 (1.8-20.8) 
9.7 (3.4-24.9) 
35.5 (21.1-53.1) 
6.5 (1.8-20.8) 
9.7 (3.4-24.9) 
0.0 ± 0.2 
0.6 ± 2.9 
0.7 ± 0.9 
0.0 ± 0.2 
0.2 ± 0.4 
0.1 ± 0.4 
0.1 ± 0.3 
0.6 ± 1.0 
0.2 ± 0.7 
0.4 ± 1.6 
54.8 (37.7-70.8) 22 ± 62 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
77.4 (60.2-88.6) 157 ± 223 48 
20.0 (9.5-37.3) 
16.7 (7.4-33.6) 
10.0 (3.5-25.6) 
40.0 (24.6-57.7) 
3.3 (0.6--16.6) 
83.3 (66.4-92.6) 
3.3 (0.6--16.6) 
6.7 (1.9-21.4) 
10.0 (3.5-25.6) 
3.3 (0.6--16.6) 
43.3 (27.3-60.8) 
60.0 (42.3-75.4) 
36 ± 143 
10 ± 34 
2±9 
1.3 ± 2.1 
0.1 ± 0.5 
11±11 
0.1 ± 0.7 
0.1 ± 0.4 
0.2 ± 0.8 
0.1 ± 0.4 
35 ± 78 
37 ± 64 
o 
o 
o 
o 
o 
8 
o 
o 
o 
o 
o 
12 
25.0 (8.9-53.2) 
16.7 (4.8-44.8) 
8.3 (1.5-35.3) 
16.7 (4.8-44.8) 
58.3 (31.9-80.7) 
25.0 (8.9-53.2) 
4 ± 14 
4 ± 14 
0.1 ± 0.3 
0.3 ± 0.8 
3 ± 3 
o 
o 
o 
o 
3 
16 ± 44 0 
Acanthocephala 
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9.7 (3.4-24.9) 0.5 ± 2.2 o 50.0 (33.2-66.8) 7 ± 14 
6 ± 9 
0.5 58.3 (31.9-80.7) 25 ± 50 8.5 
29.0 (16.1-46.6) 1.6 ± 4.3 o 66.7 (48.8-80.8) 1.5 75.0 (46.8-91.1) 18 ± 30 4.5 
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FIGURE 3. Non-metric multidimensional scaling (NMDS) plot on the 
first 2 axes of a 3-dimensional solution of 204 helminth infracommunities 
based on the Bray-Curtis similarities of the fourth-root transformed 
parasite abundance data (stress = 0.16). Vectors are Spearman 
correlations of helminth species abundances with the NMDS axes. (The 
circle represents a correlation of 1). Symbols denote sample membership 
as follows: .. Ebro Delta, spring 2004; T Ebro Delta, fall 2004; !::, Ebro 
would be uniform and devoid of significant spatial pattern 
(Pitman et aI., 2001), but this view is not substantiated by our 
helminth communities. The analyses suggested that a large part of 
the variation observed could be related to differences between the 
2 localities. At the component community level, prevalence and 
mean abundance data indicated clear differences between the 
samples from SP and those from ED in the 2 Ligophorus species, 
in A. Zizae, the adult digenean S. sparisomae, and the 2 
metacercariae. Data from infracommunities were difficult to 
interpret due to wide heterogeneity among individuals, but our 
analyses revealed a strong geographic signal in the distribution of 
the infracommunities, with the abundances of some species 
associated to ED (Saeeoeoelium spp., Dierogaster spp., L. 
con/usus, R aurata, RhipidoeotyZe sp., and A. Zonga) and others 
to SP (Ligophorus spp., A. lizae, and S. sparisomae). 
The variation in infracommunity structure can result at least 
partly from the different environmental characteristics of the sites 
(Bray and Curtis, 1957; Tuomisto et aI., 1995). In fact, differences 
in hydrologic conditions (mainly water temperature and salinity) 
Delta, spring 2005; 'V Ebro Delta, fall 2005; • Santa Pola, spring 2004; • 
Santa Pola, fall 2004; 0 Santa Pola, spring 2005; <> Santa Pola, fall 2005. 
Species abbreviations: Dper, Dicrogaster perpusilla; Dcon, D. contracta; 
Sten, Saccocoelium tensum; Sobe, S. obesum; Sspa, Schikhobalotrema 
sparisomae; Lcon, Lecithaster con/usus; Raur, Robinia aurata; Spap, 
Saturn ius papernai; Alon, Ascocotyle longa; Rhip, Rhipidocotyle sp.; Aliz, 
Acanthogyrus lizae; Lszi, Ligophorus szidati; Lvan, L. vanbenedeni. 
TABLE I. Extended. Continued. 
SP2S (n = 30) 
Abundance 
Species Prevalence (%) x ± SD M 
Digenea 
Dicrogaster perpusil/a 13.3 (5.3-29.6) 5 ± 27 0 
Dicrogaster contracta 13.3 (5.3-29.6) 5 ± 27 0 
Saccocoelium tensum 3.3 (0.6-16.6) o ± 0 0 
Saccocoelium obesum 36.7 (21.9-54.5) 2±4 0 
Saccocoelium currani 3.3 (0.6-16.6) o ± 1 0 
Haplosplanchnus pachysomus 3.3 (0.6-16.6) o ± 0 0 
Schikhobalotrema sparisomae 36.7 (21.9-54.5) 6 ± II 0 
Lecithaster con/usus 3.3 (0.6-16.6) o ± 0 0 
Robinia aurata 3.3 (0.6-16.6) o ± 0 0 
Saturnius papernai 23.3 (11.8-40.9) 0.7 ± 1.6 0 
Saturn ius dimitrovi 
Saturn ius minutus 
Digenea metacercariae 
Cardiocephaloides longicollis 
Rhipidocotyle sp. 36.7 (21.9-54.5) 22 ± 103 0 
Ascocotyle longa 66.7 (48.8-80.8) 13 ± 19 3 
Acanthocephala 
Acanthogyrus lizae 46.7 (30.3-63.9) 3 ± 5 0 
Monogenea 
Ligophorus szidati 70.0 (52.1-83.3) 4 ± 5 2 
Ligophorus vanbenedeni 56.7 (39.2-72.7) 2 ± 3 1 
have often been invoked to account for geographic variation in 
the composition of marine parasite communities (Thieltges et aI., 
2010). These factors can either affect the distribution of the 
intermediate hosts, e.g., gastropods, bivalves, or crustaceans, 
thereby influencing the abundance of parasites with indirect cycles 
such as digeneans and acanthocephalans (Zander and Reimer, 
2002), or can influence the abundance and. distribution of free-
living stages of the parasites (Koprivnikar et aI., 2010) which, in 
our context are relevant for completion of digenean and 
TABLE II. Effects explaining variation in the abundance of 13 helminth 
species revealed by a permutational multivariate analysis of variance 
(PERMANOV A) based on Bray-Curtis dissimilarities to the fourth-root 
transformed abundance matrix. Only significant effects are listed. 
Permutational tests for homogeneity of multivariate dispersion (PERM-
DISP) were applied to test for differences in dispersion among groups 
formed by the factors whose effects were significant in PERMANOV A. 
PERMANOVA 
Effects 
Log (fish weight) 
Locality 
Year 
Locality X year X 
season 
Residual 
Pseudo-F 
9.3** 
34.1 ** 
5.9** 
6.0** 
n.S. Not significant (P > 0.05). 
•• p < 0.001. 
Variation 
components (%) PERMDISP F 
8.6 
24.4 
9.7 
18.5 
41.0 
3.4 n.s. 
13.0** 
6.1 ** 
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SP2F (n = 30) Global (n = 204) 
Abundance Abundance 
Prevalence (%) x ± SD M Prevalence (%) x ± SD M 
26.7 (14.2-44.5) 3 ± 13 0 27.9 (22.2-34.4) 16 ± 78 0 
33.3 (19.2-5\.2) 3 ± 12 0 28.4 (22.7-34.9) 7 ± 37 0 
22.1 (17.0-28.3) 5 ± 21 0 
30.0 (16.7-47.9) 0.8 ± 1.7 0 39.7 (33.2-46.5) 1.5 ± 3.3 0 
1.5 (0.5-4.3) 0.0 ± 0.3 0 
10.0 (3.5-25.6) 0.2 ± 0.7 0 2.9 (1.3-6.2) 0.0 ± 0.3 0 
80.0 (62.7-90.5) 18 ± 39 3 38.7 (32.3-45.5) 6 ± 17 0 
23.3 (11.8-40.9) 0.4 ± 0.8 0 13.7 (9.6-19.1) 0.6 ± 2.7 0 
12.3 (8.5-17.5) 0.3 ± 1.5 0 
10.0 (3.5-25.6) 0.1 ± 0.4 0 31.4 (25.4-38.1) 1.3 ± 2.9 0 
1.0 (0.3-3.5) 0.0 ± 0.3 0 
1.5 (0.5-4.3) 0.1 ± 0.6 0 
1.5 (0.5-4.3) 0.0 ± 0.2 0 
80.0 (62.7-90.5) 75 ± 98 18 60.8 (54.0-67.2) 56 ± 110 6 
76.7 (59.1-88.2) 16 ± 26 4.5 68.6 (61.9-74.6) 55 ± 115 9 
90.0 (74.4-96.5) 9 ± 10 5 58.3 (51.4-64.9) 3 ± 6 
73.3 (55.5-85.8) 8 ± 11 4 45.6 (38.9-52.5) 5 ± 15 0 
76.7 (59.1-88.2) 7 ± 9 3 55.4 (48.5-62.1) 6 ± 11 I 
monogenean life cycles. Although differences in average monthly 
values in salinity and temperature between our localities 
(maximum of about 1%0 in salinity and I C in temperature) 
(Fig. 1) are perhaps too small to have much effect in the nature of 
20 
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FIGURE 4. Principal component ordination of the centroids of the 8 
samples defined by locality, year, and season of capture and based on the 
Bray-Curtis dissimilarities of the fourth-root transformed parasite 
abundance data. Solid and dashed lines represent the 20, 30, and 40% 
dissimilarity slices through a group-average cluster classification of the 
centroids based on the underlying resemblance matrix. Symbols denote 
sample membership as follows: ... Ebro Delta, spring 2004; ... Ebro Delta, 
fall 2004; ,6 Ebro Delta, spring 2005; \l Ebro Delta, fall 2005; • Santa 
Pola, spring 2004; • Santa Pola, fall 2004; D Santa Pola, spring 2005; () 
Santa Po1a, fall 2005 . 
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the local helminth communities, grey mullets perform seasonal 
migrations between inshore and offshore waters, where they 
spawn (Brusle, 1981; Cardona, 2000). Accordingly, they may 
become infected at inshore waters where the difference in 
temperature and salinity between the 2 areas can be higher. In 
fact, at ED an arrow-shaped delta defines 2 bays (north and 
south) where water temperature oscillation is higher and overall 
salinity is lower than in the open sea (Camp and Delgado, 1987). 
However, apart from the variation between the 2 localities, 
differences between the 8 samples could not be readily explained. 
In a fully environmentally controlled scenario, samples from same 
year or season are expected to be closer to each other than are 
samples taken in other years or seasons. By contrast, in the 
present effort, the effect of year was stronger in the ED samples, 
the significant 3-way interaction was not consistent with yearly or 
seasonal variation, and dispersion between samples varied 
significantly, which may reflect the differences in species 
composition of infracommunities among samples (Anderson 
et aI., 2006). These results suggest spatial autocorrelation among 
infracommunities within each sample, which is often interpreted 
as resulting from the limited dispersal ability of the species 
involved (Legendre et aI., 2005). 
In fact, the heterogeneity of habitats on a large spatial scale can 
be an important factor in studies dealing with parasite commu-
nities because the probability is low that all necessary hosts and 
suitable environmental conditions exist for a certain parasite 
species to survive or be transmitted (Thieltges et aI., 2009). 
Accordingly, small spatial and temporal scales, or both, can 
greatly impact parasite life cycles and transmission (Ferrer-
Castello et aI., 2007; Leung et aI., 2009). Digenean communities, 
particularly those dominated by 2-host life cycles, as in our case, 
can change dramatically at the microscale level, i.e., because 
cercariae have a limited dispersion ability in terms of both space 
and time (Combes, 2001; Esch et aI., 2002) and because of 
heterogeneity in the occurrence and abundance of the required 
first intermediate hosts. For instance, S. tensum uses Hydrobia 
acuta and Hydrobia ventrosa whereas S. obesum utilizes Rissoa 
spp. (Fares and Maillard, 1974). Monogeneans, the second-most 
represented taxonomic group in L. aurata, also have limitations in 
the dispersal ability of the oncomiracidia and, because species of 
Ligophorus are regarded as oioxenous (Euzet and Suriano, 1977), 
they would also critically depend on the local and temporal 
occurrence and abundance of L. aurata. 
In conclusion, our helminth communities exhibited clear 
geographical differences that may be related to local environ-
mental characteristics or to the limited spatial dispersal of the 
species forming the compound community. Both factors can act 
concurrently and their respective contributions are hard to 
disentangle. However, the influence of transmission at space-
time microscales in shaping parasite communities in the marine 
realm would deserve attention in further studies. 
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USNPC' Species Host Locality Specimenst 
4691 (type) M. occidentalis O. aries Montana, USA 0/2/0 
14467 M. marshalli O. aries Montana, USA 8/0/2 
14488 M. marshalli O. aries Montana, USA 11 01 0 
14878 M. marshalli O. aries Montana, USA 01019 
15587 M. occidentalis O. aries Montana, USA 0111 0 
15864 M. marshalli O. aries Montana, USA 11 011 
16219 M. marshalli O. aries Colorado, USA 010/1 
16315 M. marshalli O. aries Colorado, USA 11 01 0 
16320 M. marshalli O. aries Colorado, USA 010/3 
16322 M. marshalli O. aries Colorado, USA 0101 1 
16324 M. occidentalis O. aries Colorado, USA 0111 0 
29493 M. marshalli O. aries Idaho, USA 2/010 
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HEPATOZOON INFECTION PREVALENCE IN FOUR SNAKE GENERA: INFLUENCE OF 
DIET, PREY PARASITEMIA LEVELS, OR PARASITE TYPE? 
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ABSTRACT: Hepatozoon spp. (Apicomplexa: Haemogregarinidae) are the most commonly reported hemoparasites from snakes, Of 
over 300 Hepatozoon species identified, more than 120 were described from snakes, However, recent genetic assessments have found 
Hepatozoon lineages recovered from both prey and predators, indicating that diet may play an important role in the infection of final 
vertebrate hosts. Here 4 different snake genera with different diets were assessed. Hepatozoon spp. prevalence varied greatly between 
the genera, but only lineages already identified from potential prey, i.e., gecko and lacertid lizards, were recovered from the snakes. 
Interestingly, the Hepatozoon spp. lineage known from geckos was the most common in the snakes, but this does not reflect their diet. 
Higher parasitemia levels, reported for some geckos relative to lacertid lizards, may playa role. Alternatively, this lineage may be more 
effective at parasitizing snakes or may occur, despite being unrecorded, in other vertebrate groups consumed by snakes. 
The phylum Apicomplexa is a large protist group composed by 
a diverse array of obligatory parasitic organisms. However, 
regardless of its high medical and veterinary importance, it is 
estimated that only 0.1 % of the diversity of this phylum has been 
described. Even within this percentage there is a bias in studies 
toward a few genera, although more than 300 are recognized 
(Morrison, 2009). Species of Hepatozoon are among the most 
abundant and widely distributed hemoparasites. This genus was 
first described in rats by Miller (1908), but it has been observed in 
all tetrapod groups, as well as in numerous hematophagous 
invertebrates, such as mosquitoes, mites, fleas, and ticks, which 
are their definitive hosts (Smith, 1996; Smith and Desser, 1997; 
Telford, 2009). More than 300 Hepatozoon species have been 
identified, with less than 50 in mammals (Allen et al., 2011), while 
more than 120 are described just from snakes (Smith et al., 1999). 
Species of Hepatozoon are the hemoparasites most commonly 
found in snakes (Jacobson, 2007; Telford, 2009). Hepatozoon 
species have a complex heteroxenous life cycle, which generally 
involves a definitive invertebrate host and an intermediate 
vertebrate host. It is characterized in snakes by the location of 
gamonts within red blood cells, normally 1 per cell, though, more 
rarely, 2 or more can be found (Smith et al., 1999; Jacobson, 2007). 
At least in some Hepatozoon spp. infecting snakes, gametogenesis, 
fertilization, and sporogony take place in an invertebrate vector, 
after a blood meal containing infected erythrocytes, and then cystic 
development occurs in a first vertebrate host (a lizard or a frog, 
for example) that has ingested an infected invertebrate. Then 
merogonic development occurs in the visceral organs of a second 
and final vertebrate host, the snake, which has fed on the first 
vertebrate, culminating in the formation of the merozoites and their 
release into the bloodstream, where they enter the erythrocytes and 
develop into gamonts (Smith, 1996; Smith et aI, 1999). 
Traditionally, Hepatozoon species descriptions were accom-
plished using morphological analysis of the different life stages in 
the vertebrate intermediate and invertebrate definitive hosts and! 
or host specificity and life cycle patterns (Mathew et al., 2000; 
Telford et al., 2004). Host specificity seems to be quite low for 
snakes, and the same is true for the invertebrate host (see Sloboda 
et al., 2007). However, this has been used as a taxonomic criterion 
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to describe new species. Moreover, morphological and life cycle 
data are often incomplete or incongruent, resulting many times in 
taxonomic assignments that do not reflect the real phylogenetic 
relationships (Telford et al., 2004; Sloboda et al., 2007; Moc;:o 
et al., 2011). Consequently, molecular data may constitute an 
indispensable additional tool for taxonomists. 
In the present study, the main goal was to assess the prevalence 
and diversity of Hepatozoon species in different snake species across 
North Africa, Iberia, the Mediterranean region, and the Caucasus, 
using specific primers that amplify a part of the 18S rRNA region. 
Hepatozoon spp. infections have been reported in several snake 
species across the globe using microscopy and molecular techniques 
(Smith et al., 1999; Telford et al., 2004; Sloboda et al., 2007; Telford 
et al., 2008; Vilcins et al., 2009; Allen et al., 2011; Harris et al., 2011; 
Moc;:o et al., 2011). In the aforementioned study area, Hepatozoon 
spp. were detected in several lizards (Amo et al., 2004, Amo, Lopez, 
and Martin, 2005; Amo, Fargallo, et al., 2005; Maia et al., 2011), 
with varying prevalence values. However, available information 
regarding apicomplexan hemoparasites in snakes from the study 
area is still limited. 
Laboratory studies have shown that various Hepatozoon 
species are capable of directly infecting snakes from the 
invertebrate host, either by salivary transmission via a bite or 
by ingestion of the invertebrate host. However, this is unlikely in 
nature; hence, the necessity of the first vertebrate host (Sloboda et 
al., 2007; Telford, 2009). The role of this first vertebrate host 
indicates the possible importance of diet for the understanding of 
the life cycle of ophidian Hepatozoon species. It is postulated that 
the infection pattern by Hepatozoon spp. in a given snake species 
may be correlated with its diet, as has been suggested in some 
studies of other predators (Allen et al., 2011; Viana et al., 2011). 
Four snake genera with known and distinct dietary regimens were 
chosen to be included in this study to test the prey-predator 
transmission hypothesis. If there is in fact influence of diet on 
parasite infection cycles, it is expected that this will be identified 
from the phylogeny obtained from Hepatozoon spp, infecting the 
different snakes, Alternatively, another pattern may be found, 
perhaps reflecting the final host phylogeny. 
MATERIALS AND METHODS 
Sample collection 
A total of 157 samples making up 4 different genera of snakes from the 
Iberian Peninsula, the Maghreb and Mediterranean region, and the 
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TABLE 1. Total number of samples analyzed and of positive Hepatozoon 
sequences obtained for each of the studied host genera. The observed 
prevalence is calculated from the total number of Hepatozoon sequences 
and the total number of analyzed host samples. 
Total Hepatozoon Observed 
Genus Total analyzed sequences prevalence (%) 
Hemorrhois 68 12 18 
Malpolon 30 1 3 
Natrix 35 0 0 
Rhinechis 24 0 0 
Total 157 13 8 
Caucasus was analyzed for the presence of Hepatozoon parasites (see 
Table I and Fig. 1 for more details). For each specimen, the capture 
location was registered with a GPS device, digital photographs were taken, 
and tissue samples for molecular analysis (in the form of tail tips) were 
collected and preserved in 96% ethanol. Many specimens were road kills, 
but all live animals were then released back at the capture site. 
DNA extraction, amplification, and sequencing 
DNA extraction was performed using standard high-salt methods 
(Sam brook et aI., 1989). Molecular detection of Hepatozoon spp. parasites 
was carried out through PCR reactions using the HepF300 and HepR900 
primers, which were designed to amplify a part of the 18S rRNA of these 
parasites (Ujvari et aI., 2004). PCR cycling consisted of 94 C for 30 sec, 
60 C for 30 sec, and 72 C for 1 min (35 cycles) (see Harris et aI., 2011, for 
more details). Positive and negative controls were run with each reaction. 
The positive PCR products were purified and sequenced by a commercial 
sequencing facility (Macrogen Inc. , Seoul, Korea). New sequences were 
deposited in GenBank under the accession numbers JX244266-JX244269. 
Phylogenetic analysis 
The retrieved sequences were blasted in GenBank and 13 matched 
Hepatozoon spp. However, 2 parasite sequences from Hemorrhois sp. were 
excluded from the analysis given their poor quality. Of the remaining 11,4 
unique haplotypes were aligned against previously published Hepatozoon 
spp. sequences, using the dataset from Harris et al. (2012). The alignment 
of the sequences was performed using ClustalW software implemented 
in the program BioEdit (Hall, 1999). Phylogenetic relationships were 
estimated using maximum likelihood (ML) and Bayesian inference. ML 
was performed in PAUP*4.10 (Swofford, 2002), with node support 
estimated using bootstrapping with 100 replicates, and the model of 
evolution chosen using Modeltest 3.06 (Posada and Crandall, 1998). 
Bayesian analysis was implemented using Mr. Bayes v.3.2 (Huelsenbeck 
and Ronquist, 2001) with parameters estimated as part of the analysis. 
The analysis was run for 1 X 107 generations, saving 1 tree every 1,000 
generations. The log-likelihood values of the sample point were plotted 
against the generation time, and all the trees prior to reaching stationary 
were discarded as burn-in samples (25%). Remaining trees were combined 
in a 50% majority consensus tree. Following Harris et al. (2012), Adelina 
bambarooniae was designated as an outgroup (see Fig. 2). 
RESULTS 
From the 157 analyzed host samples, 13 were positive for 
Hepatozoon spp. parasites, resulting in a global prevalence of 8%. 
However, the prevalence values differed significantly between 
genera. For species of Natrix and Rhinechis, no infections were 
found, while Hemorrhois and Malpolon spp. presented, respec-
tively, prevalences of 18% and 3% (see Table I). 
The phylogenetic analysis yielded 4 Hepatozoon haplotypes 
infecting the snakes in the study area, 2 similar to those previously 
found in lacertids and skinks (Lineage D; Fig. 2) and the other 
2 to those of geckos (Lineage B; Fig. 2). Within lineage D, 
Hepatozoon parasites were found in 2 Hemorrhois samples from 
Morocco (DB1203 and DBI562), which are more closely related 
with those previously detected in the lizards Eumeces algeriensis 
and Chalcides polylepis, also from Morocco. Within lineage B, the 
only positive Malpolon sample (DBI201) and the remaining 8 
positives from Hemorrhois hosts clustered in a clade shared with 
Hepatozoon spp. from rodents, snakes, and geckos, closer to the 
sequences reported in the gecko hosts Tarentola, Ptyodactylus, 
and Quedenfeldtia. These 9 sequences are either identical to the 
already published sequences from geckos (represented in Fig. 2 by 
DB1201) or differ by just I mutation (DBI21O). 
The number of positive PCR products obtained with the HEP 
primers was considerably superior to the actual number of 
Hepatozoon spp. positives, confirmed after sequencing. Most of 
the PCR positives were apparently fungi, considering the 
BLAST search results. Since this region of 18S rRNA is not 
variable enough to ascertain with certainty the type of fungi and 
since the fungi could be from the samples or contamination 
during handling, these were not considered further. Neverthe-
less, this highlights the difficulty of relying solely on positive 
negatives 
FIGURE 1. Map of the study area containing the locations of the analyzed samples. The black dots indicate samples negative for Hepatozoon 
parasites, and the white circles indicate positive ones, which are also identified with the assigned codes. 
78 
-- 0.005 subs/site 
71 
99 
91 
74 
TOME ET AL.-HEPATOZOON INFECTION IN FOUR SNAKE GENERA 915 
80 
59 
98 
64 
9 
70 
96 
A. bambarooniae 
H. Sp. - ex. Bandicota indica 
H. ayorgbor - ex. Python regius 
H. sp. - ex. Clethrionomys glareolus 
H. sp. - ex. Abrotrix 
Rodent and 
Snake hosts 
* 97 
081201 - H. sp. - ex. Malpolon monspessulanus 
081210 - H. sp. - ex. Hemorrhois hippocrepis 
PTY01Po 
3126Tm 
PTY34Po 
Q39Qm 
H. sp. - ex. North African geckos 
B 
97 
35SH 
41FG 
59PL 
H. b oigae - ex. Boiga Fusca 
I H. sp. - ex. Lycognathophis seychellensis 
1SP H. sp. - ex. Mabuya wrightii 
77 
DB486Tm I 
DB487Tm H. sp. - ex. North African geckos 
Lizard 
hosts DB1606Qm 
'----- LPA1 Tt H. sp. - ex. Timon tangitanus 
H. sp. - ex. Dromiciops gliroides 
,....-....::....---{ H. sp. - ex. Maries maries 
97 H. sp. - ex. Sciurus vulgaris 
* H. felis - ex. Felis catus 99 51~ ________________ ___ 
H. americanum - ex. Dusycion thous 
H. canis- ex. Vulpes vulpes 
* 
99 
133Sp 
164Pv 
Pb7421Pv 
H. canis - ex. Dusycion thous 
Snake 
hosts 
Mammal 
hosts 
90 
52 
167Pv 
168Pv 
127Ea 
129Ea 
081562 
081203 
E16119Cp 
165Pv 
Pb7413Pv 
317Am 
H. sp. - ex. North African and Iberian reptiles D 
* 
70 
* LPMTt 
90 LPA28Tt 
LPA31Tt 
LPA25Tt 
L...-_____________ H. catesbianae - ex. Rana catesbeiana I Amphibian host 
FIGURE 2. Estimate of relationships based on an ML analysis. Bootstrap values for ML are given below relevant nodes, while Bayesian posterior 
probabilities are given above them. When values were 100%, this is indicated with an asterisk. The 4 haplotypes indicated in bold are those from the 
snakes identified in this study. 
PCRs and the need of verification by sequencing when reporting 
parasite infections. Additionally, 2 analyzed individuals (1 
Hemorrhois and 1 Malpolon) were infected with different 
Sarcocystis spp., whose closest match on GenBank was a 
Sarcocystis lacertae. Detection of Sarcocystis spp. with these 
primers in reptiles has been previously reported (Harris et aI., 
2012). 
OISCUSSION 
For the first time, the prevalence and phylogenetic relationships 
of Hepatozoon spp. from several snake species of the Mediterra-
nean area was assessed. Instead of constituting a separated 
phylogenetic unit, the ophidian Hepatozoon spp. clustered with 
those of other lizard and gecko hosts, from the same approximate 
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geographic location. This objectively shows that the phylogeny of 
these parasites does not reflect vertebrate host phylogeny. Barta et 
al. (2012) also indicate vertebrate host phylogeny is not reflected 
by the relationships of adeleorinid parasites, but rather highlight 
the importance of the invertebrate host, particularly at a deeper 
taxonomic level, where there is a clear separation between 
parasites using leeches as their hosts and those using arthropods. 
It seems that diet is one of the driving factors of Hepatozoon spp. 
transmission in snakes, as shown by the presence of genetic 
lineages of Hepatozoon spp. previously found in lizards in species 
of snakes whose diet is partially constituted by these kinds of 
organisms. Unfortunately, the 2 genera with a much lower 
consumption of reptiles (species of Natrix and Rhinechis) 
presented no infections. 
A study of Hemorrhois hippocreppis describes the diet of this 
species as 45% mammals, 28% reptiles, 17% birds, and 10% 
amphibians (Pleguezuelos and Fahd, 2004). Among the reptiles 
consumed, the authors report a higher frequency of lacertids 
compared to geckos. In our study, we found a higher prevalence 
of Hepatozoon spp. related to those found in geckos rather than to 
those infecting lacertids in Hemorrhois spp. hosts. This raises 
several questions, and several hypotheses can be presented that 
might explain this result. 
First, the Hepatozoon spp. predominantly found in these 
snakes may also be found in other groups of organisms besides 
geckos, but there have simply not been enough studies to detect 
them. This is supported by the clustering of Hepatozoon spp. 
from this lineage next to those from mammals, including rodents 
(Lineage B; Fig. 2). However, this seems unlikely, given no 
Hepatozoon spp. lineage previously identified in mammals was 
retrieved from our samples, including from species whose diet is 
almost exclusively mammals, e.g., Rhinechis sp., which may 
indicate that these snakes are not commonly infected by this kind 
of Hepatozoon spp. Extensive sampling of small mammals from 
the Iberian Peninsula and North Africa would be needed to test 
this hypothesis. A second hypothesis suggests that the Hepato-
zoon spp. from geckos are transmitted more easily or multiply 
more, or infection is more persistent in snake hosts than the 
Hepatozoon spp. from lacertids, and that these are more readily 
detected. This could be tested through experimental infection of 
snakes with different lineages of Hepatozoon spp. from lacertids 
and geckos. Also, snakes of different genera may differ in 
immune responsiveness and their ability to clear infection. 
Finally, if geckos and lacertids have very different infection 
loads, this would represent differential probabilities of infection 
for both types of parasite for each consumed individual. For 
example, a study reported that 41 out of 43 individuals had 
infection intensities of 10, or less, infected cells per 2,000 
erythrocytes (Amo, Lopez, and Martin, 2005), and another study 
reported a maximum of 81 hemogregarines per 10,000 erythro-
cytes (Sacchi et aI., 20ll), both for the wall lizard Podarcis 
murallis. In contrast, in the gecko Ptyodactylus hasselquistii, 
Hussein (2006) reported up to 410 per 10,000 erythrocytes. If 
these figures reflect the actual differences between Hepatozoon 
spp. loads in both groups, it might explain our findings, since 
snakes would in reality be consuming more Hepatozoon spp. 
from geckos, even if the actual number of geckos consumed were 
fewer. A first step to address this would be to assess infection 
load in other geckos from the region, particularly the common 
Tarentola mauritanica. Additionally, the detected infections 
(either in snakes or lizards) may represent "dead ends" and 
not be part of the actual life cycle of these Hepatozoon spp. 
Further studies on the potential invertebrate hosts are essential 
to assess this possibility. 
Hepatozoon spp. are commonly found in all tetrapod groups, 
and recent genetic assessments have reported them in both prey 
and predators. In fact, experimental studies have shown that 
infections can occur in multiple vertebrate hosts, which can 
transmit infection when consumed as prey, e.g., Viana et al. 
(20ll). Hence, diet may play an important role in this parasite's 
life cycle (Allen et aI., 2011). Here, we report the occurrence of 
Hepatozoon spp. in 2 snake genera that are known to regularly 
feed on lizards, with the phylogenetic analysis showing the isolates 
found in these prey and predators to be closely related. Although 
many factors may playa role in parasite transmission, including 
higher parasitemia levels in geckos than in other lizards, it is 
possible that infections from geckos can be more effectively 
transmitted to the final vertebrate hosts. This warrants further 
investigation. 
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MOLECULAR IDENTIFICATION AND DESCRIPTION OF THE FEMALE OF NOTHOASPIS 
REDDELL/(IXODIDA: ARGASIDAE) FROM A CAVE IN SOUTHEASTERN MEXICO 
Carmen Guzman-Cornejo, Ricardo Paredes-Leon*, Marcelo B. Labrunat, Santiago Nava:j:, and Jose M. Venzal§ 
Laboratorio de Acarologia, Facultad de Ciencias, Departamento de Biologia Com parada, Universidad Nacional Aut6noma de Mexico, 
Avenida Universidad 3000, Ciudad Universitaria, C. P. 04510, Distrito Federal, Mexico, e-mail: mcgc@fciencias,unammx 
ABSTRACT: Nothoaspis reddelli Keirans and Clifford, 1975, was described from 3 males collected in Grutas de Xtacumbilxunaan, 
Campeche, Mexico, although females have remained undescribed for 37 yr. Recently adult females of this species were collected from 
Cueva de Villa Luz (= Cueva de las Sardinas, Cueva del Azufre), in Tapijulapa, Tabasco, Mexico, Here we present a morphological 
description of the female stage, together with 16S rDNA sequences that confirm the conspecificity of our female, male, and nymphal 
specimens. The female integument of the anterior portion of the dorsal surface is smooth (nothoaspis), appearing to consist of 3 large 
"subunits," 1 anterior and 2 posterior, each with a small sublateral "subunit" on either side. The remaining dorsal covered integument 
is a cell-like configuration. The hood is large and bluntly rounded, and visible dorsally. The spiracular plate is oval. It possesses 1 pair 
of posthypostomal setae. The palpal trochanter has 1 pair of setae and a 5/5 hypostome decreasing to 4/4 at the apex. There is a single 
central pore at the base of the hypostome. 
The argasid genus Nothoaspis was erected by Keirans and 
Clifford (1975) for a newly described species, Nothoaspis reddelli, 
that had been collected from bat guano in Grutas de Xtacum-
bilxunaan, Campeche, Mexico. Males of this species possess a 
smooth, leathery integument over the anterior dorsum, suggesting 
a shield. The original description of N. reddelli was based on just 3 
males (Keirans and Clifford, 1975). Later Keirans et al. (1977) 
described the immature stages (larva and nymph) of this species 
from specimens collected in caves in Campeche, Yucatan, and 
Tabasco, Mexico. For 35 yr, this genus remained monotypic, but 
in 2010 a second species was described, Nothoaspis amazoniensis 
Nava, Venzal and Labruna. Adults and immatures of the latter 
species were collected from bat caves in the Brazilian Amazon. 
Both species of Nothoaspis inhabit hot caves with high humidity 
(Keirans and Clifford, 1975; Keirans et al., 1977; Nava et al., 
2010). 
Hoogstraal (1985) included Nothoaspis within the Ornithodor-
inae. This classification was widely used prior to Klompen and 
Oliver (1993), who conducted a phylogenetic analysis that yielded 
4 genera, Argas, Ornithodoros, Otobius, and Carios, with the last 
containing some species belonging to the genera Argas and 
Ornithodoros, as well as all species previously referred to Antricola 
and Nothoaspis. This proposal has been controversial and 
underscores the need to employ both molecular and morpholog-
ical characters to clarify the systematics of the Argasidae. Until 
such studies are undertaken, we prefer to treat the genus 
Nothoaspis as valid. 
Our knowledge of Nothoaspis species and of argasids in general 
is still far from complete, especially considering all the possible 
habitats, e.g., hot, humid caves, that remain unexplored and the 
many hosts that have yet to be examined. In the present work, we 
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provide a morphological description of the female of N. reddelli 
based on specimens collected in a cave from southern Mexico. 
Additionally, in order to confirm the conspecificity of this stage 
with previously described stages (nymph and male), we present 
16S rDNA sequences from each stage. 
MATERIALS AND METHODS 
Ticks (adults and nymphs) were collected at Cueva de Villa Luz (= 
Cueva de las Sardinas, Cueva del Azufre), Tapijulapa, Tabasco 
(17.44237°N, 92.77533°W; 91 masl), in June 2010 and July 2011. Cueva 
de Villa Luz is a stream cave with several hydrogen sulfide-rich springs. It 
includes a main passage and short side passages, a few with skylights. A 
diverse ecosystem thrives within the cave. Abundant, chemoautotrophic 
microbial colonies apparently act as the primary producers for the cave's 
ecosystem. Several species of bats have been recorded, including 5 species 
of Mormoopidae, i.e., Mormoops megalophylla (Peters), Pteronotus davyi 
'Gray, Pteronotus gymnonotus Natterer, Pteronotus parnellii (Gray), and 
Pteronotus personatus (Wagner) (Gordon and Rosen, 1962; Palacios-
Vargas, 2009), a free-tailed bat (a molossid) (Hose and Pisarowicz, 1999), 
1 species of Emballonuridae, and 2 species ofPhyllostomidae, Carollia sp., 
and Desmodus rotundus (E. Geoffroy) (Palacios-Vargas, 2009). Ticks and 
samples of bat guano were collected in the "bat room" at the end of the 
Zoo Passage that appears in the map published by Hose and Pisarowicz 
(1999). At this site the temperature was 32.3 C and the relative humidity 
was 85%. . 
All collected ticks were preserved in vials of 96% ethanol. Female 
specimens were analyzed morphometrically using a Zeiss Stemi SV 11 
stereomicroscope (Oberkochen, Germany). Measurements are in millime-
ters and consist of a mean followed by a range in parentheses. Specimens 
for scanning electron microscopy (SEM) were dehydrated in 100% ethanol 
and dried to the critical point with liquid carbon dioxide. Dried specimens 
were then mounted on aluminum specimen stubs, coated with a gold-
palladium alloy, and examined using scanning electronic microscopes 
(JSM-53IOLV, JEOL and S-2460N; Hitachi). Specimens for molecular 
analyses (nymphs, females, and males) were also preserved in 96% ethanol. 
To confirm that these stages were conspecific, we performed molecular 
analyses using a nymph, a female, and a male. Extraction was made 
using a DNAeasy blood and tissue kit (Qiagen, Valencia, California). 
We amplified the 16S rDNA sequence using primers 16S+1 5'-
CCGGTCTGAACTCAGATCAAGT-3' and 16s-1 5'-CTGCTCAAT-
GATTTTITAAATTGCTGTGG-3' (Norris et aI., 1996). PCR conditions 
were those of Mangold et al. (1998), amplifying =400 bp. Sequences were 
obtained with an automatic sequencer (AB! PRISM 310) and were edited 
using Bioedit Sequence Alignment Editor (Hall, 1999). Alignment was 
effected using the ClustalW program (Thompson et aI., 1994). The 
sequences obtained were submitted to GenBank. 
Voucher specimens of nymphs (NN), females and males have been 
deposited in the Coleccion Nacional de Acaros (CNAC), Biology Institute 
and the Coleccion del Laboratorio de Acarologia (LAFC), Faculty of 
Sciences, Universidad Nacional Autonoma de Mexico. 
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EMENDED DESCRIPTION 
Nothoaspis reddelli 
(Figs. 1-3) 
Diagnosis: Female. Dorsum: Length from tip of hood to posterior 
margin 8.47 (7.4-9.4), maximum body width 4.41 (3.3-5.2) (Fig. IA). 
Nothoaspis reddelli delimited by pair of lateral grooves beginning at 
bluntly rounded apex and diverging posteriorly to about mid-length of 
tick (Fig. IB), where they become indeterminate and marked by medium 
to large cell-like configurations surrounding tick. Cells smaller and more 
numerous marginally (Fig. lA). Integument of anterior portion of dorsal 
surface smooth (nothoaspis), with 3 large "subunits," I anterior and 2 
posterior, each with small sublateral "subunit" on either side (Fig. lC). 
Remainder of dorsal surface covered with cell-like configuration. 
Capitulum length from palpal apices to posterior margin 0.9 (0.75-1.05), 
width 0.97 (0.9-1.0). 
Venter delimited into 3 areas by 2 lateral grooves, first (pre-anal) at 
level of anus, an extension of borders of genital plate, and second 
(transverse post-anal) near posterior border (Fig. I D). Integument of 3 
areas similar to dorsal surface, with cell-like configuration. Hood large 
and bluntly rounded, easily visible dorsally (Fig. lB). Genital aperture 
between coxae I and II as illustrated (Fig. 1 D). Length of genital aperture 
0.54 (0.5-0.6), width 0.73 (0.6-1.0). Anterior labium larger than posterior. 
Anal valves with 2 pairs of setae (Fig. 3A). Spiracular plate oval, length 
0.54 (0.5-0.6), width 0.37 (0.3-0.45), situated lateral to coxa IV (Fig. JD). 
Macula close to ventral border of spiracular plate (Fig. 2A). Basis capituli 
rectangular, with a pair of posthypostomal setae (Fig. 2B) and 10 pairs of 
sublateral setae (Fig. 3C). Palpi 0.9 (0.8-1.05) long, trochanter with large 
flaps, length 0.44 (0.38-0.54), covering hypostome. Borders of flaps 
serrated (Fig. 2C). One pair of setae on flaps (Fig. 2B). Hypostome well 
armed with denticles SIS, decreasing to 4/4 at apex (Fig. 2C). Smaller 
denticles near tip, increasing in size toward base. Apex slightly rounded 
(Fig. 2C). One central pore at base of hypostome (Fig. 3B). 
Legs arising from anterior half of body. Tarsus I 1.12 (1.05-1.15) 
long, 0.24 (0.23-0.25) wide; tarsus IV 1.2 (1.0-1.27) long, 0.22 (0.21--0.24) 
wide. 
Taxonomic summary 
Locality: Cueva de Villa Luz (= Cueva de las Sardinas), Tapijulapa, 
Tabasco (l7.44237"N, 92.77533°W; 91 masl). 
Material examined: Two females, Cueva de Villa Luz, Tapijulapa, 
Tabasco, June 2010 (CNAC006769); 13NN same data except (LAFCOOOI90); 
10 females, same data except July 2011 (CNAC006770). 
Other material deposited: Five males, 9NN Cueva de Villa Luz, 
Tapijulapa, Tabasco, June 2010 (CNAC006769); 12 males, 37NN same 
data except July 2011 (CNAC006770). 
Remarks 
Female specimens examined during this study were assigned to 
Nothoaspis reddelli on the basis of the following characters: capitulum 
situated ventrally beneath a large, anteriorly projecting hood and medially 
between anterior portions of coxa I; medial extensions of pal pal 
trochanter form a ventral sheath for hypostome; genital plate extends 
from coxae I to IV; and a dorsum covered by a smooth, leathery 
integument (a nothoaspis or false shield). The identity of our specimens is 
underscored by the fact that they were collected in the same cave (Cueva 
del Azufre) where Keirans et al. (1977) collected nymphs of this species. 
Morphological differences observed between our females and the males 
described by Keirans and Clifford (1975) deal with the hypostomal 
dentition (3/3 or 414 in males vs. SIS decreasing to 4/4 at the apex in 
females), the number of sublateral setae (about 4 pairs in males vs. 10 pairs 
in females), and the number of setae on the palpal flaps (2 pairs in males, 
but just I pair in females). 
We observed differences that could be consider as intraspecific 
variations between the original description of the male and the male 
specimen that we processed for SEM. Keirans and Clifford (1975) noted 
the presence of 4 pairs of sublateral setae in the male, while Nava et al. 
(2010) examined a paratype and reported 8 pairs. Not withstanding these 
observations, our SEM specimen possesses 10 pairs of sublateral setae 
GUZMAN-CORNEJO ET AL.-FEMALE OF NOTHOASPIS REDDELL! 919 
(Fig. 3D). Likewise the hypostomal dentition of the male was described as 
3/3 or 4/4; however, in our material, males possess a dental formula of SIS 
at the base, increasing to 616 at the apex (Fig. 2D). Also, in our specimens, 
a central pore is present at the base of the hypostome (Fig. 3E); this 
character was not mentioned in the original description of the male. 
Females of N. reddelli can be differentiated from those of N. 
amazoniensis on the basis of the capitulum and its associated structures 
(palps and palpal flaps), and the spiracular plates. The 2 species also differ 
in that N. amazoniensis lacks hypostomal denticles, whereas N. reddelli 
possesses a definite hypostomal formula of SIS decreasing to 4/4 at the 
apex. Females of N. reddelli have 10 sublateral setae, while the original 
description of N. amazoniensis suggests at least 10. Further, the palpal 
flaps of female N. reddelli possess 1 pair of setae (Fig. 2B), while N. 
amazoniensis lacks setae on the palpal flaps. If we compare the males of N. 
amazoniensis and N. reddelli, we find a dental formula of SIS at the base of 
the hypos tome, increasing to 616 at the apex in the latter species, but no 
dentition in the former. The setation of the palpal flaps also differs: 2 pairs 
on the flaps of male N. reddelli (Fig. 3F) versus none on N. amazoniensis. 
The number of sublateral setae observed for N. reddelli was 10, while in N. 
amazoniensis at least 10 pairs are present. 
Characters of the nymph described by Keirans et al. (1977) include a 
bulging leathery nothoaspis, a large broadly rounded hood, capituli with a 
straight posterior margin, 7 pairs of sublaterals, the presence of I pair of 
hypostomal setae, trochanter flaps with 1 pair of large setae (48 nymphs 
presented this character; however, 6 had 2 setae on just I flap and 1 setae 
on the other, and only 1 specimen presented 2 setae on each flap), the 
hypostome 4/4 apical and SIS at the base are coincident with characters of 
nymphs collected in the present study. 
Fragments of 417 bp were obtained for the mitochondrial 16S rRNA 
gene from the 3 analyzed specimens, I nymph (GenBank accession 
number: lQ743489), 1 female (JQ743487), and I male (JQ743488). Of 
these, 416 sites were conserved, whereas 1 substitution (A to G) was found 
at position 106. Accordingly, these specimens can be assigned to the same 
species. Using Blast analysis, the sequences of N. reddelli were, at most, 
93% identical to corresponding sequences of N. amazoniensis (HM047066-
HM0470669) and :0;87% for any other available argasid sequence in 
GenBank. 
DISCUSSION 
The occurrence of N. reddelli and N. amazoniensis in caves seems 
to be tied to 2 correlated variables: the presence of insectivorous 
bats and their guano and temperatures above 30 C and relative 
humidity exceeding 85% (Keirans and Clifford, 1975; Keirans et aI., 
1977; Nava et aI., 2010). The sole exception is the type locality for 
N. reddelli, Xtacumbilxunaan Cave, where the temperature was 
25.6 C (Keirans et aI., 1977). Likewise, N. reddelli has been found on 
bat guano and some specimens on cave walls, while N. amazoniensis 
seems to prefer only walls (Nava et aI., 2010). 
Little is known about the biology of either Nothoaspis species. 
Thus, the male mouth parts were reported by Guglielmone et al. 
(2003) as being apparently nonfunctional, while Nava et a!. 
(2010) stated that adults probably do not feed. However, we 
found that females and males of N. reddelli possess a well-
developed hypostome with denticles, unlike N. amazoniensis, 
where only a minute hypostome is present, with, or without, 
denticles, or with small crenulations (Nava et a!., 2010). This 
suggests that males and females of N. reddelli can feed on blood. 
A recent study of argasids using molecular information from 
the mitochondrial16S rDNA gene showed that, phylogenetically, 
N. reddelli and N. amazoniensis are situated in a clade where both 
species are closely related each other (Nava et a!., 2012). 
Exploration of new cave habitats, especially those located 
between Mexico and Brazil, should enhance our knowledge of 
the biology, biogeography, and ecology of the 2 currently known 
Nothoaspis species. 
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FIGURE I. Scanning electron microscopy of the female of Nothoaspis reddelli. (A) dorsal idiosoma . (8) lateral grooves. (C) nothoaspis. 
(D) ventral idiosoma. 
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FIGURE 2. Scanning electron microscopy of N. reddelli. (A) Female: spiracular plate. (B) Female: capitulum. (C) Female: borders of pal pal flaps and 
hypostome. (D) Male: hypostome. 
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FIGURE 3. Scanning electron microscopy of N redde/li. (A) Female: anal setae, (B) Female: central pore at base of hypostome. (C) Female: sublateral 
setae (left inferior angle). (D) Male: sublateral setae (right inferior angle). (E) Male: central pore at base of hypos tome. (F) Male: setae on pal pal flaps. 
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PREVALENCE OF HEMOPROTEUS IWA IN GALAPAGOS GREAT FRIGATEBIRDS 
(FREGATA MINOR) AND THEIR OBLIGATE FLY ECTOPARASITE (OLFERSIA SPINIFERA) 
Iris I. Levin and Patricia G. Parker 
University of Missouri - SI. Louis, Department of Biology and Whitney R. Harris World Ecology Center, One University Blvd., SI. Louis, Missouri 
63121. e-mail: Iris.Levin@umsl.edu 
ABSTRACT: The prevalence of hemosporidian parasites varies among different host species, geographic locations, habitats, and host 
life histories, and yet we do not have a firm understanding of the ultimate causes of the variation. Seabirds are not typically found 
infected with hemosporidian parasites; however, frigatebird species have been repeatedly documented with Hemoproteus spp. 
infections. Hemoproteus iwa in Galapagos great frigatebirds (Fregata minor) is vectored by a hippoboscid fly, Olfersia spinifera, an 
obligate ectoparasite of the bird host. Five populations of Galapagos great frigatebirds, and flies collected from the birds, were 
sampled and tested for H. iwa. Prevalence did not differ across 4 yr or between 5 islands, but males were found to have a significantly 
higher prevalence of infection than did females. Additionally, juveniles were more likely to be infected than were adults and chicks. 
Because the invertebrate vector is an obligate parasite, we were able to estimate prevalence in the vector as well as in the particular host 
upon which it fed, a task that is impossible, or nearly impossible, in hemosporidian parasites vectored by midges or mosquitoes. We 
tested the correlation between the infection status of the bird host and the infection status of the fly collected from the bird. More often 
than not the 2 were correlated, but some mismatches were found. Using the occurrence of infected flies on uninfected birds (12/99) as a 
proxy for transmission potential, we can estimate the transmission rate to be between 5 and 20% (95% confidence intervals) among 
individual vertebrate hosts. 
Avian hemosporidian parasites are broadly distributed across 
host taxa and around the world. Some of the most common 
hemosporidian parasites of birds are species of Plasmodium, 
Hemoproteus, and Leucocytozoon which are typically transmitted 
by mosquitoes (Plasmodium), biting midges, hippoboscid flies 
(Hemoproteus), and black flies (Leucocytozoon). Prevalence of 
infection is reported to vary significantly among bird orders 
(Bennett, 1993; Valkiiinas, 2005), geographic location (Bennett 
et ai., 1992; Tella et ai., 1999), and habitat (Figuero1a, 1999; 
10vani, 2001; Shurulinkov and Chakarov, 2006). However, the 
ultimate causes of this variation are poorly understood (Scheuer-
lein and Ricklefs, 2004). There are few generalities, but some 
recurring patterns include differential prevalence in different age 
classes of birds (Sol et ai., 2003; Valkiiinas, 2005; van Oers et ai., 
2010), lower prevalence of hemosporidian parasites in arctic and 
marine habitats (Bennett et ai., 1992), and fewer cases of 
hemosporidian parasites in certain avian orders (raptors [Falco-
niformes], parrots [Psittaciformes], shorebirds [Charadriiformes], 
and seabirds [Procellariiformes, PelecaniformesD (Peirce and 
Brooke, 1993; Figuerola et ai., 1996; 10vani et ai., 2001; Quillfeldt 
et ai., 2010) as well as some support for a correlation with host life 
history (Ricklefs, 1992). Slower-developing, longer-lived bird 
species have been found in some cases (Ricklefs, 1992; Tella 
et ai., 1999), but not in others (Scheuerlein and Ricklefs, 2004), to 
have fewer hemosporidian parasites, a possible consequence of 
greater antibody diversity due to a longer incubation period. 
Contrary to evidence of low hemosporidian prevalence in 
marine environments or in long-lived seabirds, there have been 5 
published reports of Hemoproteus sp. in frigatebirds (Pelecani-
formes: Fregatidae). Work and Rameyer (1996) described H iwa 
in 35% (21/60) of great frigatebirds (Fregata minor) in Hawaii. 
Padilla et ai. (2006) reported 29.2% (7/24) infected F. minor on 1 
island in the Galapagos. Thirty-nine of 251 (15.5%) magnificent 
frigate bird (Fregata magnificens) males sampled in Mexico were 
infected with H iwa (Madsen et ai., 2007) and Quillfeldt et ai. 
(2010) found a 56% (5/9) prevalence of a Hemoproteus species in 
Christmas Island frigatebirds (Fregata andrewsi). Levin et ai. 
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(2011) identified H iwa in frigatebirds from the Galapagos 
Islands, the Hawaiian Islands, the Pacific coast of Panama, and 
the Caribbean. Frigatebirds either seem to encounter Hemopro-
teus sp. parasites more frequently, or are more susceptible, than 
other seabirds in which hemosporidian infections are uncommon 
(Merino et ai., 1997; Merino and Minguez, 1998; Engstrom et ai., 
2000). Hemoproteus iwa belongs to the subgenus Hemoproteus 
hemoproteus which is vectored by hippoboscid flies (Levin et ai., 
2011), unlike Hemoproteus parahemoproteus species which are 
typically vectored by ceratopogonid midges. 
To understand the higher prevalences of Hemoproteus sp. in 
frigatebirds, it is important to understand the biology of the 
parasite both in the vertebrate host, where it is typically detected, 
and in the arthropod vector for which we have far less 
information. The timing of sporogony is different in midge and 
fly vectors, i.e., sporogony in biting midges is usually complete in 
less than 10 days (correlated with the gonadotropic cycle of the 
midge so that the parasite's infective stage is present for the 
subsequent blood meal) while sporogony in hippoboscid flies is 
not necessarily synchronized with blood meals and tends to be 
more prolonged (Valkiiinas, 2005). This difference is probably 
associated with both the relatively long life of the fly and the close 
association of the fly with the vertebrate host (most are obligate 
bird parasites). 
Flies belonging to the Hippoboscidae are highly specialized 
obligate parasites of birds and mammals. Unlike their well-known 
relative, the tsetse fly (Glossinidae), hippoboscids spend all, or 
nearly all, of their adult life on the host. Their dorsoventrally 
flattened morphology makes them well adapted to life among bird 
feathers and, while most Hippoboscidae species have fully 
developed and functional wings, they tend to stay closely 
associated with the host. Hippoboscid species belonging to 
Olfersia are typically found parasitizing frigatebirds (Maa, 
1969). Olfersia spinifera (Leach 1817) is often called the frigate-
bird fly but has been known to parasitize cormorants (Phalacro-
coracidae), boobies (Sulidae), pelicans (Pelecanidae), and gulls 
(Laridae). 
The present study reports H iwa prevalence in great frigate-
birds breeding throughout the Galapagos Archipelago. The 
Galapagos Islands (Fig. 1) are located approximately 1,000 km 
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FIGURE 1. Map of the Galapagos Islands, Ecuador. Islands where 
sampling was done are labeled. 
off the coast of Ecuador and are nesting habitat for many 
seabirds, including both great and magnificent frigatebirds. 
Galapagos frigatebirds appear to be genetically isolated from 
other conspecifics throughout their range. Great frigatebirds from 
Galapagos and Hawaii show strong genetic differentiation at 
mitochondrial and nuclear loci (F. Hailer et ai., unpubi. obs.) and, 
within magnificent frigatebirds, the Galapagos population has 
apparently been isolated from conspecific populations in the 
Pacific and Atlantic since the middle or late Pleistocene (Hailer et 
ai., 2011). Galapagos seabirds are infected with several lineages of 
hemosporidian parasites, but the most common parasite (and the 
only one found in Galapagos F. minor) is H. iwa (Levin et ai., 
2011). Here, we examine prevalence in the vertebrate host F. 
minor with respect to island, year, sex, and age class (chick, 
juvenile, adult). Additionally, we are able to compare host 
prevalence data with H. iwa prevalence in the hippoboscid flies 
captured on the birds. This comparison has helped us to 
understand the transmission dynamics of H. iwa in this system 
and to add unique insight into the role of the vector in acquiring, 
maintaining, and transmitting the parasite. 
MATERIALS AND METHODS 
Three-hundred and three Fregata minor were sampled on 5 different 
islands (Fig. 2) (Darwin, n = IS; Espanola, n = 44; Genovesa, n = 171; 
North Seymour, n = 58; and Wolf, n = IS) in June-July of 2006,2007, 
2008, and 2010 during the incubation and chick-rearing stages. Seabirds 
were captured by hand on the nest or near nesting sites. Samples from 
chicks approximately 3 wk or older were included in this study. A blood 
sample was collected from the brachial vein and stored in lysis buffer. 
Hippoboscid flies were collected directly from birds while sampling and 
were stored in 95% ethanol in the field and later at 4 C in the laboratory 
until DNA extraction. Flattened wing chord and weight measurements 
were taken for each bird and the sex of breeding adults was determined 
based on obvious sexually dimorphic plumage characteristics. Sex of 
juveniles and chicks was determined by PCR using the universal primers 
2550 and 2718 (Fridolfsson and Ellegren, 1999). 
DNA extraction and PCR techniques used to amplify parasite DNA 
and the sequencing follow Levin et al. (20ll). Parasite DNA sequences 
were confirmed as H. iwa by comparison with an H. iwa specimen that had 
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FIGURE 2. Prevalence of Hemoproteus iwa in adult males and adult 
females (left) and in chicks, juveniles, and adults (right). Prevalence was 
calculated as the number of infected individuals in a categoryltotal 
number of individuals in the category. Sample sizes are shown above 
the bars. 
been previously identified using microscopy and DNA sequencing (Levin 
et aI., 20ll) . 
In the laboratory, thoraxes of 105 hippoboscid flies were separated from 
the heads and abdomens. A Qiagen DNEasy Blood and Tissue DNA 
extraction kit (Qiagen, Valencia, California) was used to individually 
extract the DNA from each fly thorax. The standard protocol was 
followed, but DNA was eluted in half as much buffer due to assumed low 
concentrations of any parasite DNA. Protocols for PCR amplification and 
sequencing were as described in Levin et aI., 2011. To ensure that the 
positive PCR results from insects were DNA from sporozoites and not 
from undigested parasite-infected blood cells that might have persisted in 
the vector midgut as remnants of a blood meal, thoraxes of all flies were 
tested for the bird mitochondrial cyt b gene with primers and protocols 
used in Ngo and Kramer (2003). We interpreted the PCR-positive flies as 
carrying infective sporozoites only when they did not also strongly amplify 
bird DNA in the thorax extracts. Frigatebird mitochondrial DNA was 
used as a positive control to identify and compare bird DNA amplified 
from insect thoraxes. In order to assess repeatability of the hemosporidian 
screen, we re-tested one-third of the 105 bird-fly pairs for parasites. 
Chi square tests or Fisher's exact tests, performed in R v2.13.l (R 
Development Core Team, 20ll), were used to compare prevalences 
between bird sexes, island, and age class as well as to compare parasite 
status of the fly and its corresponding host. Analyses of variance 
(ANOVA) (R v2.l3.l) were used to compare body condition index 
(residual of mass [g] regressed against wing length [em]) and parasite 
status. The body condition index was calculated separately for each sex 
because females weighed on average significantly more than did males of 
similar sizes (as measured by wing length). 
RESULTS 
Of the 303 sampled F. minor individuals, 131 (43%) were adult 
female, 124 (40%) were adult male, and 48 (16%) were juveniles (n 
= 26) or chicks (n = 22). Across all 303 samples, 147 individuals 
(49%) tested positive for H. iwa by PCR. The efficiency of the 
PCR screen was good, with 96.8% repeatability when considering 
the bird samples and 94.3% in the flies. No individuals previously 
identified as uninfected showed up infected when re-tested. 
Prevalence by island is summarized in Table I. There was no 
significant difference in parasite prevalence between islands (X2 , P 
= 0.24) or between years (X2, P = 0.08). Additionally, when 
looking only at the 2 islands repeated across years (Genovesa, N. 
Seymour), there was no difference in H. iwa prevalence between 
the 2 yr (Genovesa: X2, P = 0.23; N. Seymour: X2, P = 0.45). 
There was, however, a significant difference between H. iwa 
prevalences among adult males and females (X2, P = 0.05) 
(Fig. 2). Adult males were found to be more infected than 
expected (69/255 infected, 591255 expected) and adult females had 
fewer infections than expected (54/255 infected, 631255 expected). 
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TABLE 1. Prevalence of Hemoproteus iwa in Galapagos great frigatebirds 
(Fregata minor) sampled from 5 islands. 
Prevalence 
Island Year Infected Uninfected n 
Darwin 2008 7 8 15 
Espanola 2007 23 21 44 
Genovesa 2006 58 84 142 
Genovesa 2008 16 13 29 
N. Seymour 2007 20 10 30 
N. Seymour 2010 15 13 28 
Wolf 2008 8 7 15 
There was no gender difference in prevalence among young birds 
(chicks and juveniles combined) (X2, P = 1.0) or between male and 
female chicks (Fisher's, P = 0.57) and male and female juveniles 
(Fisher's, P = 0.92). 
We also found a significant affect of age on parasite status, i.e., 
juvenile F minor were more likely to be infected while chicks had 
fewer infections than expected (X2, P = 0.006) (Fig. 2). Eighteen 
of 26 juveniles were infected (12 expected) while only 5 chicks of 
22 (10 expected) tested positive. There was no relationship 
between parasite status (infected, uninfected) and gender-specific 
body condition index (ANOVA, P = 0.51, F = 0.44). There were 
very large deviations in body condition index that probably 
reflected fluctuations in weight during incubation bouts, as many 
of the individuals sampled were either incubating eggs or 
attending small chicks. No relationship was found between 
spatial information (distance from focal individual to nearest 
nest and number of nests within 10 m) and infection status 
(distance to nearest nest: ANOVA, P = 0.43, F = 0.628, and nests 
within 10 m: ANOVA, P = 0.47, F = 0.53). 
We captured at least 1 fly from 105 of 303 birds while sampling 
(Darwin: n = 10; Espanola: n = 42; Genovesa: n = 23; N. 
Seymour: n = 27; Wolf: n = 3). Bird cyt b amplified in 1 of 41 
infected flies and in 5 of 64 uninfected flies, and these flies and 
their bird hosts were removed from the analysis. Of the 99 flies, 40 
(40.4%) were positive for H. iwa, which represents a 15% lower 
prevalence than was found in the corresponding hosts (55/99 
infected). We found significant departures from the expected 
when comparing the parasite status of flies with their corre-
sponding hosts (X2, P = 0.03; Fisher's, P = 0.02) (Table II). 
Infected birds had infected flies more often than expected by a 
random distribution, and the same result was found for 
uninfected flies on uninfected birds. There were fewer mismatched 
situations (uninfected flies on infected birds and infected flies on 
uninfected birds) than expected. The rarest combination was the 
occurrence of infected flies from uninfected birds (12/99 cases). 
!ABL~ II. Counts of great frigatebird-hippoboscid fly pairs showing 
mfectlOn status for vector and host. 
Fly status 
Uninfected 
Infected 
Uninfected 
32 
12 
Bird status 
Infected 
27 
28 
DISCUSSION 
One of the most robust results from these data is the higher 
prevalence of H. iwa in juvenile F minor; this has previously been 
shown as an important pattern in host-parasite assemblages 
(Graves et al., 1988; Gregory et al., 1992; Allander and Bennett, 
1994; . Dawson and Bortolotti, 1999). Three non-mutually 
excluslVe hypotheses have been proposed to explain this pattern: 
(1) juveniles with heavy parasite loads die before becoming adults; 
(2) the development of acquired immunity reduces the prevalence 
intensity, or both of parasites in adults; and (3) adults are les~ 
exposed to parasites due to differences in behavior. In the case of 
Galapagos F minor, we know juvenile mortality is not 
insignificant; we see dead juvenile birds throughout the breeding 
colonies (I. Levin, pers. obs.). However, in this case, it is not 
possible to relate the mortality to parasites. Juvenile F minor are 
fed for an extended period of time by both parents, even after they 
are capable of flying. Therefore, mortality could also be due to 
abandonment or death of 1 or both parents. We have very little 
evidence concerning immunity, particularly comparing adult and 
juvenile F minor; however, Galapagos F minor infected with H. 
iwa had significantly higher heterophil-to-lymphocyte concentra-
tion ratios than did uninfected individuals, indicating that 
infected individuals were physiologically stressed, actively fighting 
the infection, or both (Padilla et al., 2006). It is possible that we 
found lower prevalence in adults compared to juveniles because of 
immunity or resistance from prior infection. Additionally, a 
proportion of adult infections are likely recrudescent. As far as 
differential exposure to parasites between juveniles and adults, it 
was already mentioned that juveniles are likely to be more 
sedentary than adults because they are fed by a parent for an 
.extended period of time. The more mobile lifestyle of an adult 
could contribute to fewer obligate fly ectoparasites and, therefore, 
lower H. iwa exposure. Frigatebirds are frequently seen preening 
while flying, using their feet to scratch their head and neck (Metz 
and Schreiber, 2002), and this may be a successful way to remove 
flies. Although older chicks were sampled to avoid detection 
problems due to the delay between inoculation and gametocyte 
production, the low prevalence of H. iwa in chicks could still 
reflect this time delay or simply the reduced probability of 
infection based on age. 
The significant sex bias in prevalence has a few possible 
explanations. Androgens, particularly testosterone, can be immu-
nosuppressive (Peters, 2000) and result in higher prevalence of 
hemosporidian parasites in males. Contrary to this logic, a review 
of 33 studies of hemosporidian parasites in birds showed that 
Hemoproteus infections were significantly more common among 
?r~eding females than in breeding males (McCurdy et al., 1998). It 
IS Important to consider the breeding biology of frigate birds in 
this case. These birds are strikingly sexually dimorphic and are the 
most ornamented of seabirds. Males have a prominent gular 
pouch that becomes red during the breeding season (Nelson, 
1975). Males perform complex mate attraction rituals in dense 
breeding aggregations, displaying for females who fly above. 
During this time, adult males may be more susceptible to host-
seeking hippoboscid flies than are adult females. Operational sex 
ratios in breeding colonies are usually male-biased (5.5 males per 
female on Tern Island in Hawaii) (Dearborn et al., 2001). It is 
possible that with these skewed male:female ratios, and the 
resulting intense sexual competition and sexual selection, the 
LEVIN AND PARKER-HEMOPROTEUS PREVALENCE IN GALAPAGOS FRIGATEBIRDS AND FLY ECTOPARASITES 927 
males might allocate more resources toward condition or sexual 
ornaments rather than to the suppression of hemosporidian 
parasites. Female F minor have been shown to incubate for 
longer bouts than males and to care for fledglings for 1-2 mo 
longer (Dearborn et aI., 2001). However, the greater contribution 
of females to incubation (roughly 10 more days of the 57-day 
incubation period) could correspond to their larger body size; if 
males are losing a larger percentage of overall body mass per 
incubation shift, it could require a longer foraging trip to recover. 
Given these data, one might still expect females to be more heavily 
parasitized than males due to their disproportionate share of 
reproductive effort. Finally, it is important to consider that H. iwa 
might have little, to no, detrimental effect on F minor, even 
though some Hemoproteus spp. have been experimentally shown 
to affect reproductive success (Merino et aI., 2000; Marzal et aI., 
2005). While our sample size for chicks and juveniles is small, we 
detected no sex differences in infection in these age classes; this 
provides some evidence for the sex differences in adults to be a 
result of differential resource allocation by adults, some 
physiological difference that emerges upon or after sexual 
maturity, or both. 
There was no effect of year or island on prevalence of H. iwa in 
Galapagos F minor populations. This could be interpreted as a 
consistency in vector abundance between sites and year. Because 
the vector for this Hemoproteus species is an obligate ectoparasite 
of the vertebrate host, one can appreciate that there is a lower 
reliance on suitable vector habitat and microclimate, as might be 
seen with a free-living vector of other hemosporidian species, e.g., 
mosquitoes vectoring Plasmodium spp. Prevalence was consistent 
between years for the 2 islands sampled twice, both at least 2 years 
apart. It is worth noting that in all cases sampling occurred during 
June and July, which is the cool, dry season in the Galapagos and 
the peak of the breeding season for great frigate birds in the 
Galapagos; however, these frigatebirds on different islands do not 
nest synchronously across the archipelago. 
The comparison of infection status of the flies and the bird 
hosts is interesting and provides relatively unique data for 
hemosporidian parasites, as most involve a free-living vector. 
The disproportionate number of infected birds with infected flies, 
and uninfected birds with uninfected flies, support the assertion 
that the fly is very closely associated with the bird host. We found 
fewer cases of un infected flies on infected birds than our statistical 
test would expect by chance, but there were still 27 of 99 cases. 
Keeping in mind that we are amplifying H. iwa DNA from the 
thorax of the fly, it is conceivable that the parasite might not be in 
the sporogony phase that occurs in the thorax. Sporogony is more 
prolonged in hippoboscid-vectored Hemoproteus spp. (usually 
longer than 10 days) and less synchronized than one might find 
with a midge-vectored parasite. Because the vector is continuously 
feeding on host blood, one would expect a relatively high chance 
of detecting parasite sporozoites. While we are interpreting DNA 
amplified from fly thorax as a detection of parasite sporozoites, it 
is also possible that PCR might be detecting migrating ookinetes 
or gametocytes which will glue to the apical part of the intestine 
(G. Valkiunas, pers. comm.). Due to the possibility that we could 
be amplifying more than 1 parasite stage from the fly thorax 
extractions, our interpretation must be considered suggestive. 
However, because only 1 of the 41 positive flies also tested 
strongly positive by PCR for the presence of bird DNA, this 
increases confidence in our interpretation because gametocytes or 
even ookinetes would be more temporally associated with the 
presence of bird blood. Currently, there is no evidence that can 
better guide our interpretations, as these new approaches to 
studying micro-transmission dynamics are made possible by 
molecular techniques and are just now being explored in these 
ways. 
Not all vectors are efficient at acquiring, maintaining, and 
transmitting parasites. In fact, only 10% of the known vectors for 
Hemoproteus columbae had sporozoites after being fed mature 
gametocytes (Valkiunas, 2005). Vector competence does not have 
to be very high to transmit the parasite successfully, and this 
could explain our cases of uninfected flies on infected birds, which 
contributed to a 15% decline in prevalence of H. iwa in flies over 
birds. Flies could also have a variable amount of resistance to H. 
iwa. We were able to detect bird DNA (cyt b) in some of the fly 
thoraxes which could indicate that, when we detect both parasite 
DNA and avian DNA in the thorax of a single fly, it is possible 
that the parasite DNA is from a blood meal. In some cases, there 
was a very faint amplification of bird cyt b which would be a 
result of bird DNA from blood in the abdomen in the dissected 
thoraxes. Dissections were performed using a microscope with 
sterile tools, but it is possible that there was some head or 
abdomen (or both) contamination in some samples. 
One of the puzzling fly-host infection status combinations is an 
infected fly on an uninfected host, of which we had 12 in 99 
samples. There are a few possible explanations. First, we could (as 
we could with cases of infected birds and uninfected flies) be 
underestimating H. iwa prevalence by not always detecting it 
accurately with our PCR test. PCR is known to provide both false 
negatives and positives (Cosgrove et aI., 2006; Valkiunas et aI., 
2006), and the degree of under- and over-estimation differs 
between parasite genera and species (Garamszegi, 2010). Exam-
ining mean microscopy estimates in 1,185 species and 441 species 
where infection was estimated by PCR, Garamszegi (2010) found 
no significant difference in Hemoproteus prevalence (mean by 
microscopy, 11.6%; mean by PCR, 16.7%). Therefore, it seems 
PCR does a good job detecting true Hemoproteus infections. 
When we re-tested one-third of our bird-fly pairs, we found high 
repeatability (96.8% for birds, 94.3% for flies). Assuming we are 
not underestimating infections in either the bird or the fly host, 
the occurrence of infected flies on uninfected birds could be a 
result of an infected fly moving from a nearby (infected) bird. 
We found infected flies on uninfected birds in 12% of the bird-
fly pairs, which can be interpreted as the lower bound of an 
estimate of movement between hosts (and, therefore, parasite 
transmission). With these data, we cannot say for sure whether 
any particular uninfected fly on an uninfected bird originated on 
another uninfected bird or whether any infected fly on an infected 
bird switched from another infected host. Similarly, un infected 
flies on infected hosts could indicate inefficient vector compe-
tence, as discussed above, or fly movement. Therefore, 12% is 
probably an underestimate of fly movement between hosts, but it 
could still provide a useful starting point to understand the 
transmission success of H. iwa. While the sample size is very small 
(n = 17 flies), we were able to amplify 4 F minor micro satellite 
regions in DNA extracted from flies. We compared F minor 
genotypes amplified from flies to the genotypes of the hosts on 
which they were captured and found 2 of 5 mismatched genotypes 
in H. iwa-infected flies from infected birds and 1 of 5 mismatched 
genotypes in uninfected flies captured from un infected birds. One 
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host genotype from an uninfected fly did not match its infected 
bird host while another clearly had 2 avian genotypes, 1 that 
matched the host and 1 that did not. One of the infected flies from 
un infected birds had a bird genotype that did not match the host 
from which it was collected, while the other matched. These are 
preliminary data at this stage, but we are currently pursuing this 
approach to understanding fine-scale local transmission dynamics 
and vector movement in this system. 
The present study provides yet another documentation of the 
high prevalence of Hemoproteus in frigatebirds. Based on the high 
prevalence of H. iwa in Galapagos F. minor fly ectoparasites, we 
know that 0. spinifera is efficient at acquiring, maintaining, and 
transmitting the parasite, and we can estimate the transmission 
success to be between 5 and 20% (95% confidence intervals) 
between individual vertebrate hosts. These data are novel in that 
we can test the infection status of the invertebrate hosts on 
particular vertebrate hosts, a task that is impossible, or nearly 
impossible, in hemosporidian parasites vectored by midges or 
mosquitoes. The next logical step in this system is to use other 
direct (mark recapture of hippoboscid flies) or indirect (popula-
tion genetics studies) approaches to refine our understanding of 
fly movement and parasite transmission. 
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VARIABLE MICROSATELLITE LOCI FOR POPULATION GENETIC ANALYSIS OF OLD 
WORLD MONKEY LICE (PEDICINUS SP.) 
Katlyn Scholl*, Julie M. Allen*t:j:, Fabian H. Leendertz§, Colin A. Chapman II, and David l. Reed* 
* Florida Museum of Natural History, Dickinson Hall, Box 117800, Gainesville, Florida 32611. e-mail: juliema@ufl.edu 
ABSTRACT: Parasitic lice have been valuable infonnants of their host's evolutionary history because they complete their entire life 
cycle on the host and move between hosts primarily through direct host-to-host contact. Therefore, lice are confined to their hosts both 
in ecological and evolutionary time. Lice on great apes have been studied to examine details of their host's evolutionary history; 
however, species of Pedicinus, which parasitize the Old World monkeys, are less well known. We sampled lice from 2 groups of red 
colobus (Procolobus spp,) in Kibale National Park in Uganda and from red colobus and black and white colobus (Procolobus 
polycomos) in Tal National Park in Cote d'Ivoire, We used next-generation sequencing data analysis and the human body louse 
(Pediculus humanus humanus) genome to search for microsatellites for population genetic studies of Pedicinus lice, The 96 primer sets 
for micro satellite loci designed from the human body louse genome failed to amplify micro satellites in Pedicinus sp., perhaps due to the 
fast rate of evolution in parasitic lice, Of 63 microsatellites identified by next-generation sequencing data analysis of Pedicinus sp" 12 
were variable among populations and 9 were variable within a single population, Our results suggest that these loci will be useful across 
the genus Pedicinus, We found that the lice in Uganda are not structured according to their hosts' social group; rather, 2 non-
interbreeding populations of lice were found on both groups of red colobus, Because direct host-to-host contact is usually required for 
lice to move among hosts, these lice could be useful for identification and study of behavioral interactions between primate species. 
Parasites can be used in the study of the evolutionary history 
and behavior of their hosts (Whiteman and Parker, 2005; 
Niedberg and Olivieri, 2007), Parasitic lice have low vagility and 
mostly move between hosts through direct host-to-host contact. 
Because of this, lice are confined to their host both in ecological 
and evolutionary time, and their DNA has recorded their shared 
evolutionary history. Therefore, lice are useful to understand both 
long-term evolutionary patterns of their hosts and short-term 
events such as recent, and past, host behavior. For example, lice 
have been used to investigate many aspects of human behavior, 
such as the temporal origin of clothing (Kittler et aI., 2003, 2004; 
Toups et ai., 2010) and whether there was contact between 
modern and archaic humans (Reed et ai., 2004). 
Mammal sucking lice (Phthiraptera: Anoplura) are blood-
feeding obligate ectoparasites that spend their entire life cycle on 
their mammal hosts, It is thought that approximately one fifth 
(18%) of all mammal species are parasitized by sucking lice 
(Durden and Musser, 1994; Light et aI., 2010), Although some 
species of lice are found on more than I mammal species, others 
are more host specific and can only survive on I host species 
(Reed and Hafner, 1997; Reed et aI., 2000; Johnson et aI., 2002). 
There have been many studies of lice that parasitize humans 
and other great apes; however, much less is known about lice of 
Old World monkeys, i.e" those in the genus Pedicinus. The 14 
named species in this genus parasitize 41 species of Old World 
monkeys in family Cercopithecidae and subfamily Colobinae, 
which includes red colo bus (Procolobus spp.; Durden and Musser, 
1994), 
Red colo bus are found along equatorial Africa in rain forest 
habitats (Struhsaker, 1975,2010) and are listed as endangered by 
Received 5 December 20 II; revised 21 March 2012; accepted 17 April 
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tDepartment of Biology, University of Florida, Gainesville, Florida 
the International Union for Conservation of Nature because of 
habitat destruction as well as predation by humans and 
chimpanzees (Struhsaker, 2010), The red colobus found in Kibale 
National Park (KNP) in western Uganda, Procolobus (Piliocolo-
bus) rufomitratus, are the only large, unthreatened population 
remaining (Struhsaker, 1975, 2010), Greater knowledge of the 
behavior of this endangered primate is critical for understanding 
group dynamics so that informed conservation plans can be 
constructed. Observational and genetic studies of red colobus 
have found that although separate groups behave as unique 
entities, individuals often move between groups (C. Chapman, 
unpubl. obs.). Interestingly, parasite genetic data may be 
structured according to host behavior and therefore may be 
another avenue for gathering information on host group 
dynamics. 
The lice (Pedicinus sp.) for this project were collected from 
KNP red colobus (Procolobus [Piliocolobus] rufomitratus). We 
searched for variable micro satellites from these lice that could be 
used to determine the level of parasite gene flow between host 
groups in KNP, and we looked for genetic structure in the 
parasite populations. To determine whether these micro satellites 
could be useful across this louse genus, lice were also collected 
from primates in Tal National Park (TNP), Cote d'Ivoire 
(Leendertz et ai., 2010), from red colobus (Procolobus [Piliocolo-
bus] badius), and black and white colobus (Procolobus polycomos). 
We used 2 methods to find micro satellites for the study of 
population genetics in these lice. First, we scanned the major 
contigs from the recently published human body louse (Pediculus 
humanus humanus) genome (Kirkness et aI., 2010); and second, we 
searched DNA sequence data for Pedicinus badii acquired 
through next-generation sequencing (NGS), 
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Individuals from two groups of red colo bus were captured as described 
in Goldberg et aL (2009) to evaluate health issues and to attach collars that 
pennitted the recognition of individual monkeys (Tombak et aI., 2011), 
From each of these individually marked monkeys, lice were collected by 
combing through the hair of the host with a Nit Free Tenninator louse 
comb (Natural Ginesis, Franklin, Tennessee). Overall, 31 red colo bus were 
sampled from 2 groups, SC and LM, Three of the 31 individuals had no 
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TABLE 1. Locus name, forward primer, reverse primer, repeat motif, size, and melting temperature for the 12 variable micro satellite loci in an Old World 
monkey louse genus Pedicinus. The size range is reported from the full data set of 32 individuals. 
Locus Left primer (forward) Right primer (reverse) Repeat Size range Temp (C) 
PbTril TGTCAATGGTAATAAAACAGAATCAA CAGGCTCAAGTGCGGAATAC (AAT)ll 152-170 52 
PbTri2 GCTTTCTTTTTCAAAGCAATTT CGTACTCGACCCGGAGTAAA (AAT) I 5 202-223 55 
PbTri3 AATCGAAGCCGTTAATTTGC TTGGATAAGGTCAATTGATTCG (ATC) 13 143-164 52 
PbTri4 AGCGTGAAGCCATACAACTTT TCGAATTAATTGATCGATAGGTTG (ATC)12 155-167 52 
PbTri5 GGGTGAGAGAGAAAGAAAATGC TCAAGCATAACACCATCACTAACA (GT)12 177-192 50 
PbTri6 TGAATTTTTCCGCTTTAGTTGTG GAAAACAAATTTTTGACAGCTTTT (AAT)ll 169-189 52 
PbTri7 CCCTACTTCCCCTTAAAGTTTCTT CATAATAAACGTACAATTTAAAAACGA (ATT)16 156-202 55 
PbTri8 TTGAGCCCACAAAGTTATTTCA CGTGGGTTTCCAGTTCATCT (ACT)ll 104-165 52 
PbDil AATTCACACTACGGCTCACG TTGGTTTTCCACCTTTCACC (GA)15 345-377 55 
PbDi2 AAATGAAAAACTTTGCCAGGAA GTAACTGGGAAAACGCAAGG (GA)15 161-183 55 
PbDi3 TTTGTGCCACATTGAAAATGA TGCACAATAGTGGTGGGAGA (GA) 10 226--232 52 
PbDi4 TGTGAGTGAATTCAAAAACAAAG ACAACCCAAAGGAATTCTTTAAT (GA) 10 200-240 52 
lice. From the remaining 28 monkeys, a single louse was selected (SC = II 
individuals, LM = 17 individuals). These lice were preliminarily identified 
as P. badii. From TNP, 9 red colo bus and 3 black and white colobus were 
sampled. Seven red colobus and 2 black and white colo bus were found to 
have lice. These lice were preliminarily identified with louse keys (Ferris, 
1934; Kuhn and Ludwig, 1964) as P. badii and Pedicinus pictus. Lice were 
sampled from hosts that had more than a single louse. Three red colobus 
lice were selected (2 from I host representing both putative species) and I 
louse selected from a black and white colobus host. 
DNA extraction 
High-resolution digital images were taken of each individual louse 
before DNA extraction because whole lice were crushed and macerated 
such that morphological examination would be impossible after molecular 
work. Crushed lice were extracted using a QiAmp DNA micro kit 
(QIAGEN, Venlo, The Netherlands) according to the manufacturer's 
protocol. The GenomiPhi V2 rolling cycle amplification does not alter 
micro satellite size (Holbrook et aI., 2005) and was therefore used to obtain 
enough DNA for Next Generation Sequencing (NGS). Five reactions were 
conducted using GenomiPhi V2 DNA kit (GE Healthcare, Piscataway, 
New Jersey) from a single louse DNA extract. This amplified total 
genomic DNA to levels suitable for NGS. The 5 GenomiPhi products were 
then cleaned using an ethanol precipitation and combined, yielding ~ 17 I-1g 
of DNA (quantified using a NanoDrop fluorometer; NanoDrop 
Wilmington, Delaware). Finally, this product was run on a 454 Genome 
Sequencer FLX standard series system (Roche, Indianapolis, Indiana) 
using one eight of a plate. 
Genome mining 
MSATCOMMANDER (Faircloth, 2008) was used to search for 
tetranucleotide micro satellites in the major contigs of the human body 
louse genome (Kirkness et aI., 2010), and di- and trinucleotide 
micro satellites were chosen from the NGS data from Pedicinus sp. After 
identifying micro satellites, the program Primer3 (Rozen and Skaletsky, 
2000) was used to design primers for each locus (Tables I, II). 
Phylogenetics and mitochondrial cytochrome c oxidase subunit I 
(COl) gene 
The mitochondrial COl gene was amplified by polymerase chain reaction 
(PCR) from all 32 DNA extracts. The reaction mix consisted of II 1-11 of 
water, 101-11 of HotMasterMix (5 PRIME, Gaithersburg, Maryland), 21-11 of 
DNA template (10 ng/l-1l), and I 1-11 each of forward and reverse primers 
(10 I-1M; H7005 from Hafner et al. [1994]; LCOI718 from Reed et al. [2004]), 
for a total reaction volume of25 1-11. The temperature protocol was 94 C for 
10 min, followed by 4 cycles of94 C for I min, 48 C for I min, 65 C for 2 min, 
and then 29 cycles of94 C for I min, 52 C for I min, 65 C for 2 min, followed 
by a final extension step at 65 C for 10 min. The products were purified with 
ExoSAP-IT (GE Healthcare) and sequenced using an ABI 3130 Mega-
BACE 4500 sequencer (Applied Biosystems, Foster City, California). The 
sequences were edited in Sequencher version 4.5 (GeneCodes, Ann Arbor, 
Michigan) and combined with outgroup sequences from human head lice 
(GenBank accessions EU493446 and EU493447), chimpanzee louse 
(Pediculus schaeffi; A Y695999), human pubic louse (Pthirus pubis; 
EFI52554), gorilla louse (Pthirus gorillae; EFI52555), and baboon louse 
(Pedicinus hamadryas; A Y696007.1). The sequences were aligned with 
SeaView (Galtier et aI., 1996) using MUSCLE (Edgar, 2004) and were 
checked by eye. 
To determine the best model of molecular evolution, jModelTest 
(Guindon and Gascuel, 2003; Posada, 2008) was used with the Akaike 
Information Criterion (Akaike, 1974). A TPMluf+I+G nucleotide 
substitution model was selected and was used in PAUP* version 4.0b 
(Swofford, 2003) to obtain a maximum likelihood tree by using a heuristic 
search and tree bisection and reconnection branch swapping. RAxML 
(Stamatakis, 2006) was used to create 200 rapid bootstraps and a best 
maximum likelihood tree by using a GTR+G model (Tavare, 1986; Yang, 
1996) of molecular evolution. To compare the results from a maximum 
likelihood run with a Bayesian analysis, Mr. Bayes (Hulsenbeck and 
Ronquist, 2001; Ronquist and Hulsenbeck, 2003) was run for 2 X 106 
generations with 10% burn in excluded from the posterior distribution of 
trees, sampling every 1,000 generations. This was performed twice, first 
using a GTR+I+G model, and then using a model more similar to that 
selected with jModeltest, HKY+I+G (Hasegawa et aI., 1985). Two 
independent runs were conducted and combined to create a posterior 
distribution of trees that included 3,602 trees. A 50% majority rule 
TABLE II. Locus name, number of alleles, and observed and expected 
heterozygosities for the 12 variable microsatellites. These microsatellites 
were found to be variable in the initial 8 lice tested, which included both 
populations. Results here are shown for only I population, which is the 
large COl clade from Figure I, and some loci were monomorphic for this 
population. Tests for Hardy-Weinberg equilibrium were conducted 
using Genepop. 
Locus No. alleles Ho He Probability test 
PbTril 2 0.23 0.21 1.00 
PbTri2 4 0.42 0.43 0.85 
PbTri3 2 0.00 0.08 0.02 
PbTri4 0.00 0.00 NA* 
PbTri5 2 0.58 0.49 0.44 
PbTri6 I 0.00 0.00 NA 
PbTri7 6 0.67 0.63 0.15 
PbTri8 2 0.00 0.33 0.00 
PbDil 5 0.67 0.65 0.86 
PbDi2 3 0.12 0.18 0.08 
PbDi3 0.00 0.00 NA 
PbDi4 4 0.04 0.41 0.00 
* NA = not applicable. 
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FIGURE 1. RaxML maximum likelihood tree of the mitochondrial COl gene. The lice are identified as follows: host group_host identification_louse 
number. Host groups are either SC (S), LM (L), or lC (IC). Bootstrap values are listed above the branches, and posterior probabilities for the 
GTR+I+G/HKY+I+G Bayesian consensus tress are listed below branches. The 2 sampling localities are indicated on the map of Africa, KNP (A) and 
TNP (B). Map was obtained through the creative commons license and was originally created by Eric Gaba. 
consensus tree was computed using PAUP* for both runs to calculate 
posterior probabilities. 
Microsatellite identification and amplification 
To determine whether the micro satellite primers designed from the 
human louse genome would amplify micro satellites in Pedicinus sp., PCRs 
were performed to amplify the micro satellites for cloning and sequencing. 
The reaction mix consisted of 11 111 of water, 10 111 of HotMasterMix 
(5 PRIME), 2111 of DNA template (10 ng/I1I), and 1111 each of forward and 
reverse primers (10 11M), for a total reaction volume of 25 Ill. The 
temperature protocol for the PCR had a denaturation step at 95 C for 
5 min, followed by 35 cycles of 95 C for 30 sec, 55 C for I min 30 sec, and 
65 C for 30 sec, with a final extension step at 65 C for 30 min. PCR 
products were visualized using gel electrophoresis and cloned using TOPO 
TA cloning kit (Invitrogen, Carlsbad, California). Recombinant clones 
were then sequenced using the same protocol as described above. After 
sequencing, we found that none of the PCR products contained a 
micro satellite; therefore, they were not used for genotyping. 
With the primers designed from the 454 data, 8 lice were examined for 
variability. These 8 lice were representative of both host groups, and both 
geographic locations. A 3-primer nested PCR approach (Schuelke, 2000) 
was used to amplify micro satellite loci designed from the 454 data. The 
mix for these reactions consisted of 5.38 111 of water, 7.5 111 of Type-it 
microsatellite PCR mix (QIAGEN), 1111 of DNA template (10 ng/I1I), 1111 
of dye (10 11M), and 0.06 111 each of forward and reverse primer (5 11M). The 
5' end of each forward primer was modified to include a tag, either an M13 
tag (CACGACGTTGTAAAAC) or a CAG tag (CAGTCGGGGTCA) to 
incorporate the florescent dye into the product as in Schuelke (2000). The 
total volume of the reaction mixture was 15 Ill. The temperature protocol 
was initial denaturation at 95 C for 5 min, followed by 10 cycles of94 C for 
30 sec, a locus-specific annealing temperature (Table I) for 45 sec and 72 C 
for 45 sec, followed by 25 cycles of94 C for 30 sec, 55 C for 45 sec, and 72 C 
for 45 sec, with final extension at 72 C for 10 min. Fragment size was 
determined using an ABI 3730 Automated Sequencer (Applied Biosystems). 
The micro satellite alleles were scored using GeneMarker version 1.85 
(SoftGenetics, State College, PA). To reduce scoring errors, all loci were 
scored by K.S. and checked by I.M.A. Twelve loci were found to be variable 
with the initial 8 lice and were then amplified for all specimens (n = 32). 
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FIGURE 2. Number of loci with good flanking sequences for primer 
design shown as a function of the percentage of 454 plate used based on 
invertebrate specimens taken from Gardner et al. (2011). Data for other 
invertebrates is in light gray, and our Pedicinus sample is in black. Our 454 
data fall within range found for other invertebrates. 
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FIGURE 3. Box plots of In likelihood scores from STR UCTURE results for 5 a priori settings of K (number of populations) from I to 5 populations 
and bar graphs from a single run of each K = 3 and K = 4. Each K was tested 10 times, and box plots were created from the 10 mean In likelihood scores 
from all 10 independent trials. Box plots divide the results into 4 quartiles. The box contains the middle 50% of the values separated by the median. The 
whiskers extend 1.5 times the interquartile range (quartile3 - quartile I). Circles represent points outside of the 95% confidence interval. Because the 
results from each of the 10 runs were similar the box is very short and in some cases just looks like a single line. These results support 3 populations 
of lice. 
Analysis of population structure 
Tests for population structure were conducted using the variable loci 
that were not found to deviate significantly from Hardy- Weinberg 
expectations and the program STRUCTURE version 2.3.2 (Pritchard et 
aI., 2000). STRUCTURE is a Bayesian clustering program that uses allele 
frequencies of multi locus genotypes to group individuals into populations. 
This program was run using an admixture model with correlated allele 
frequencies among populations. We ran STRUCTURE with 3 nested sets 
of data to test for structure within louse populations. In the preliminary 
analyses for each data set, we evaluated the number of clusters (10 from I 
to 10 to determine the appropriate number of populations (10 to use in 
each analysis. We then limited the runs based on these results. The first 
data set included all the lice from KNP and the 4 lice from TNP (n = 32); 
K values were tested from I to 5. We further subsampled this data set to 
determine whether there was structure within the KNP samples only. 
Therefore, the second run included only the KNP samples (n = 28), and K 
values ranged from I to 4. The third run included a single large clade of 
lice from KNP that was uncovered based on the analysis of COT data 
described below (n = 26); K values ranged from I to 3. Ten independent 
runs of each K were tested at 5 X 106 generations post 5 X 105 bumin 
generations. For each of these runs, values of K greater than those 
mentioned were not evaluated because the variance around the mean 
likelihood scores was increasing, and there were no new clusters forming. 
Tests for Hardy-Weinberg equilibrium and linkage disequilibrium 
Tests for Hardy- Weinberg equilibrium were performed on the large 
clade from Figure I (n = 26). The program Cervus version 3.0 calculated 
observed and expected heterozygosities (Kalinowski et aI., 2007). Hardy-
Weinberg exact tests, probability of heterozygote deficiency, and the 
probability of gametic disequilibrium were calculated by Genepop version 
4.0 (Raymond and Roussel, 1995). 
RESULTS 
Three major Pedicinus clades were found with the COl 
sequence data (Fig. I), and these clades did not correspond to 
our putative species identifications. The majority of the KNP lice 
(P. badii) clustered together in a wide, shallow clade, but 2 lice 
formed a separate clade, and the 4 lice from TNP (P. badii and P. 
pictus) formed a third clade. The position of the smaller KNP 
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FIGURE 4. Box plots of In likelihood scores from STRUCTURE for 4 a priori settings of K (number of populations) from I to 4 populations and bar 
graphs of a single run of each K = 2 and K = 3. Each K was tested 10 times, and box plots were created from the 10 mean In likelihood scores from all 10 
independent trials. These results support 2 populations of lice within KNP; as before, the likelihood score increases after K = 2. However, the program 
was unable to group individuals into more populations. 
population within the tree is uncertain and differed depending on 
the type of analysis done. For example, in a neighbor joining and 
maximum likelihood analysis, this clade clustered with the TNP lice 
(Fig. I), whereas it clustered with the second KNP clade in a 
Bayesian analysis (data not shown). Despite these differences, the 
individuals within each clade remained the same in all analyses. The 
3 clades in Figure 1 were then identified as 3 groups for population 
level analysis. The largest sample analyzed included all Pedicinus 
sp. lice (n = 32), the second sample only the KNP lice (n= 28), and 
the third sample only the large clade of KNP lice (n = 26). 
Microsatellite analysis 
From the human head louse genome, primers were designed for 96 
microsatellite loci, (Table I). UnfOltunately, the sequences revealed 
that the primers were not amplifying microsatellites but rather other 
unknown loci. From the 454 data, 109,899 reads were recovered, with 
an average size of 345 base pairs. Primers were designed for 63 
micro satellite loci (Tables I, II). Of these, 38 were successfully 
amplified and then genotyped in 8 individuals to test for variability. 
Invertebrate genomes have been found to yield fewer amplifiable 
micro satellites from NGS data than vertebrates (Gardner et a!., 
2011), and our data fall within the range found for other invertebrates 
(Fig. 2). Twelve loci were identified as potentially variable from the 
initial 8 lice tested (Table I). All but I (PbTri6) of these primers also 
successfully amplified microsatellites in the Pedicinus sp. collected 
from the red colobus and black and white colobus from TNP. 
Population structure 
The results from STRUCTURE suggest that there are 3 
populations of lice in the large data set that correspond with the 
results from the COl gene. Those populations included the 4 lice 
from the TNP, a larger KNP group of 26 individuals, and a 
smaller KNP group of 2 individuals. No further population 
structure was detected by running sub-structure analyses within 
each population (Figs. 3-5). 
Tests for Hardy-Weinberg equilibrium and 
linkage disequilibrium 
Tests for gametic disequilibrium and for deviations from 
Hardy-Weinberg expectations were conducted with the large 
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population (n = 26) from KNP. Tests for gametic disequilibrium 
yielded no significant values for all combinations of loci 
(Bonferroni corrected P > 0.00075). Of the 9 variable loci, only 
2 fell outside of Hardy-Weinberg expectations because of 
heterozygote deficiency, i.e., PbTri8 and PbDi4 (P < 0.004). 
Table I lists the observed and expected heterozygosities (Ho and 
He, respectively). The minimum Ho was 0.000, and the maximum 
Ho was 0.667. The minimum He was 0.000, and maximum He 
was 0.625. Within our sample of 26 lice, locus PbTri6 was 
monomorphic. This is a sampling artifact, because genotyping 
more individuals yielded more alleles (data not shown). Overall, 
in this sample of 26 lice from KNP, 9 of the 12 loci were variable, 
each having between 2 and 6 alleles (Table I). 
DISCUSSION 
Here, we designed a microsatellite library for lice in the genus 
Pedicinus sp. that parasitize Old World monkeys. In particular, 
we collected lice from red colobus and black and white colobus 
from TNP, Cote d'Ivoire, and from red colo bus in KNP, Uganda, 
to find variable microsatellite loci to facilitate studies on the lice 
as well as the behavior of primates. 
Our COL data consistently found 3 clades; however, the 
relationships between the clades differed depending on the 
phylogenetic analysis done. This suggests that there is a short 
branch between all of the Pedicinus sp., and more loci are needed 
to resolve the relationships between these groups. 
We found that primers designed from the human louse genome 
did not amplify micro satellites in Pedicinus sp. Although it is 
possible to cross-amplify micro satellites designed from the human 
genome in red colobus monkeys, 2 taxa with the same amount of 
divergence time as their lice, the same pattern is not shown in their 
lice. This may be due to the faster evolutionary rates in lice than in 
their hosts (Hafner et aI. , 1994). 
From the 454 data, 12 variable loci were recovered and al1 but 1 
locus, PbTri6, successfully amplified microsatellites in the 
Pedicinus sp. collected from the red colobus and black and white 
colo bus from TNP, suggesting that these loci may be useful for 
population genetic studies of lice across the Pedicinus spp. 
It seems that there are at least 2 genetically distinct populations 
of lice parasitizing the red colobus monkeys in KNP. The 2 
populations are not structured by the social structure of the hosts; 
representatives from the 2 louse populations were found on each 
of the 2 red colobus social groups. These results suggest that the 
parasites are probably moving between host groups often enough 
to remove genetic signal from the host's behavior. However, our 
results suggest that there may be 2 different species of lice. Many 
species within Pedicinus parasitize more than I species of host 
(Durden and Musser, 1994) and may be more generalist in their 
host preferences. One of the 2 louse species on the red colobus 
may have originated on another species of primate and moved to 
the red colo bus in KNP. Interestingly, 1 of the louse species is 
much more common on the red colobus, and the other species was 
found on only 2 individuals. If the rare louse evolved on a 
different host it, may be unable to outcompete the more common 
red colobus louse. The 2 louse species may move among red 
colobus and other primate species in KNP during interactions 
between the host species. Close interactions between different 
species of primates have been observed in KNP and could 
facilitate host switching in lice. For example, red colobus are often 
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seen interacting with red tail monkeys (Cercopithecus ascanius; 
Chapman and Chapman, 2000; J. Allen, pers. obs). There are at 
least 13 primate species in KNP, so further research is necessary 
to determine which species are the more common hosts to these 
lice, and how the lice are moving between the hosts. Although the 
2 louse species do not correspond to the 2 behavioral groups of 
red colobus monkeys, the lice may provide information about the 
interactions of the red colobus with other primates within the 
park. 
Lice are obligate and, in some cases, host-specific, permanent 
ectoparasites. These insects only move among hosts during direct 
host-to-host contact. Some species of lice are found on more than 
1 type of mammal, whereas others are so host specific that they 
are only found on 1 host species (Johnson et aI., 2002). Great apes 
usually have a single species of louse (with the exception of 
humans, who have 2). In chewing lice, the presence of more than 1 
species of louse on a single host is common (Reed et aI., 2000; 
Johnson and Clayton, 2003). Here, we found 2 genetically distinct 
lice (probably different species) on the same population of 
monkeys. Future research could determine whether both types 
of lice can be found on the same host, and if so, whether they 
partition the host space like some species of chewing lice (Reed 
and Hafner, 1997, Reed et aI., 2000). 
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ULTRASTRUCTURAL STUDY OF VITELLOGENESIS OF APHALLUS TUBARIUM 
(RUDOLPHI, 1819) POCHE, 1926 (DIGENEA: CRYPTOGONIMIDAE), AN INTESTINAL 
PARASITE OF DENTEX DENTEX (PISCES: TELEOSTEI) 
Samuel Greani, Vann Quilichini, Josephine Foata, and Bernard Marchand 
Parasites and Mediterranean Ecosystems Laboratory, Centre National de la Recherche Scientifique Unite Mixte de Recherche 6134, University of 
Corsica, F-20250 Corte, Corsica, France. e-mail: greani@univ-corse.fr 
ABSTRACT: Vitellogenesis of Aphallus tubarium, an intestinal parasite of Sparidae (Dentex dentex), was studied by transmission 
electron microscopy. The ultrastructural features allowed us to distinguish 4 stages in the vitellogenesis process. In stage I, vitellocytes 
have a cytoplasm mainly filled with ribosomes, but few mitochondria. In stage 2, there is an increase in amount of endoplasmic 
reticulum and few Golgi complexes. There is production of shell globules that coalesce into clusters in stage 3; some glycogen particles 
are observed via the Thiery method. Finally, in stage 4, mature vitellocytes are filled with shell globule clusters and generally contain a 
large lipid droplet. Glycogen particles are grouped at the periphery of the cell. 
The Platyhelminthes form a group of animals whose yolk 
supplies and shell proteins of the egg are generally not synthesized 
in the egg itself, but separately, in specialized cells called the 
vitellines (Adiyodi and Adiyodi, 1988). These cells are grouped in 
vitelline follicles. In Aphallus tubarium, as in most digeneans, the 
follicles appear as 2 lateral fields along the worm's body (Gibson 
et aI., 2002; Jones et aI., 2005; Bray et aI., 2008). 
Vitelline cells are believed to fill 2 main roles in egg formation, 
i.e., synthesis of yolk for the developing embryo and provision 
of a structural eggshell protein (Irwin and Threadgold, 1970; 
Swiderski and Xy1ander, 2000; Levron et aI., 2010). The structure 
of the vitelline cells differs between species. 
Vitellogenesis has been studied in various species of platyhel-
minths, mainly in Rhabdocoela (order) and Eucestoda (sub-class). 
In the digenean sub-class, only 7 of the 24 superfami1ies (Gibson 
et aI., 2002; Jones et aI., 2005; Bray et aI., 2008) have been 
examined, i.e., Diplostomoidea (Grant et aI., 1977), Echinosto-
matoidea (Irwin and Threadgold, 1970), Gorgoderoidea (Irwin 
and Maguire, 1979; Martinez-Alos et aI., 1993), Haploporoidea 
(Sampour, 2008), Hemiuroidea (Holy and Wittrock, 1986), 
Microphalloidea (Hendow and James, 1989), and Schistosoma-
toidea (Erasmus, 1973). According to the literature, many 
ultrastructural differences appear in these 8 families. No detailed 
study of vitellogenesis of the Opisthorchiata (suborder) and 
therefore of Cryptogonimidae has been carried out. 
The present study was conducted to reconstruct the ultrastruc-
ture of vitelline cells development in A. tubarium, an intestinal 
parasite of Dentex dentex (Sparidae), and to compare the results 
with those reported for other species. 
MATERIALS AND METHODS 
Adult specimens of Aphallus tubarium (Rudolphi, 1819) Poche, 1926 
were collected live from the intestine of naturally infected common dentex 
Dentex dentex (Linne, 1758), caught off Valinco Gulf, Corsica (Mediter-
ranean Sea). Worms were removed from their hosts, fixed in cold (4 C) 
2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 7.2, rinsed 
in 0.1 M sodium cacodylate buffer at pH 7.2, post-fixed in cold (4 C) 1% 
osmium tetroxide in the same buffer for I hr, dehydrated in ethanol and 
propylene oxide, embedded in Spurr, and polymerized at 60 C for 24 hr. 
Ultrathin sections (60-90 nm) of the worms, at the level of vitelline cells, 
were cut on an ultramicrotome (PowerTome PC, RMC Boeckeler 
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Instruments, Tucson, Arizona). Sections were placed on 300- and 
200-mesh copper and gold grids. 
Sections on copper grids were stained with uranyl acetate and lead 
citrate (Reynolds, 1963). Sections on gold grids were stained with periodic 
acid, thiocarbohydrazide, and silver proteinate (Thiery, 1967). This 
technique was used for the location of the glycogen. 
Sections were examined using an H-7650 transmission electron 
microscope (Hitachi, Tokyo, Japan), operating at an accelerating voltage 
of 80 kV, in the Service d'Etude et de Recherche en Microscopie 
Electronique of the University of Corsica (Corte, France). 
RESULTS 
The paired vitelline glands of Aphallus tubarium consist of 2 
lateral groups of vitelline follicles, distributed from between the 
ventral sucker and ovary to at least the posterior margin of the 
posterior testis. Each follicle contains vitelline cells at various stages 
of maturation (Fig. 1) and is enveloped by a small layer of 
intercellular matrix from the surrounding tissue. Some muscle 
fibers were observed around most vitelline follicles (Fig. 1). Mature 
cells tend to be located toward the center of the follicle, but cells in 
various stages of development can be found anywhere in a follicle. 
Also, we observed interstitial tissue that envelops the developing 
vitelline cells and at the periphery of the follicle (Fig. 2). 
Mitochondria, endoplasmic reticulum, and glycogen particles 
occur throughout these cytoplasmic extensions. No nucleus of this 
interstitial tissue has been observed in vitelline follicles (Fig. 1). 
Four stages of development have been observed from the 
immature cells to mature cells. In stage 1 (Figs. 1-3, 14A), immature 
vitellocytes of A. tubarium have different shapes. They possess a large 
centrally situated nucleus, with a roundish shape, including patches 
of heterochromatin scattered through the nucleoplasm (Figs. 1,2). In 
the earliest stage, stage 1, they possess a high nucleo-cytoplasmic ratio 
(Fig. 2). In fact, they have little cytoplasm, and this cytoplasm is filled 
predominantly with free ribosomes. The cytoplasm contains 
mitochondria (Fig. 2) and scarce endoplasmic reticulum sacculi 
(Fig. 3). At stage 1, these cells are devoid of glycogen (Fig. 3) and 
distinct Golgi complexes have not been observed. 
Early developing vitelline cells in stage 2 (Figs. 1,4,5, 14B) have 
a nucleus including electron-dense patches of heterochromatin 
(Fig. 4). The chromatin is more condensed than in stage 1 (Fig. 1). 
Some nuclear pores are observed (Fig. 5). The cytoplasm still 
contains mitochondria. The main difference compared with stage 1 
is the prominence of endoplasmic reticulum (Figs. 4, 5). These 
organelles are abundant in the cytoplasm; the size and number of 
endoplasmic reticulum sacculis increase along with the maturation 
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FIGURES 1-3. Electron micrographs of a vitelline follicle and the first stage of vitellogenesis stained according to Reynolds (1963) and Thiery (1967). 
(1) A vitelline follicle that contains cells at various stage of development (stages 1-4), surrounded by parenchyma. Bar = 211m. (2) An immature 
vitellocyte (stage I) at the periphery of the follicle, containing mitochondria. Bar = 111m. (3) Cytoplasm of a cell at the first stage of maturation filled 
with ribosomes and scarce endoplasmic reticulum but without glycogen. Bar = 0.5 11m. BL, basal lamina; Chr, heterochromatin; ER, endoplasmic 
reticulum; IT, interstitial tissue; P, parenchyma; M, mitochondria; MF, muscle fibers; N, nucleus. 
of the vitelline cells. Golgi complexes are rarely found. As in the 
first stage, no glycogen was observed in these cells (Fig. 5). 
In stage 3 (Figs. 1,6-9, 14C), the chromatin is more condensed 
and larger than previously observed; moreover, some chromatin 
settles on the edge of the nucleus (Fig. 6). Nuclear pores are still 
observed, and some ribosomes are present on the external nuclear 
membrane (Fig. 7). The nucleo-cytoplasmic ratio decreases 
during the vitelline cell development (Fig. 1). At this stage, 
endoplasmic reticulum sacculis and ribosomes are numerous in 
the cytoplasm; they are arranged in parallel around the nucleus or 
the edge of the cells (Fig. 7). The obvious feature of this stage is 
the presence of shell globules. They are grouped in clusters and 
are surrounded by membranes (Figs. 6-9). In the maturing 
vitelline cells, shell globule clusters continue their enlargement 
by fusion with single shell globules (Fig. 8) that tend to be angular 
to optimize the space occupied. Some Golgi cisternae are 
associated with small shell globules (Fig. 8). Each cluster contains 
an electron-lucent matrix that increases during its development 
(Fig. 9). There are few mitochondria. Glycogen particles are 
observed inside and around the vitelline clusters and at the 
periphery of the cell (Figs. 7, 9). 
Mature vitelline cells are generally localized during stage 4 (Figs. 1, 
10-13, 14D) in the center of the follicle (Fig. 1). Endoplasmic 
reticulum sacculis are less numerous than at the earlier stage, but 
some residual sacculis remain in parallel configuration (Fig. 10). In 
slightly more mature cells, granular endoplasmic reticulum moves to 
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FIGURES 4-9. Electron micrographs of the second and third stage of maturation of viteIline ceIls stained according to Reynolds (1963) and Thiery 
(1967). (4) General observation of a viteIline ceIl at the second stage of maturation. Bar = I }lm. (5) Second stage of viteIline ceIl showing nuclear pore 
and a cytoplasm fiIled with ribosomes and endoplasmic reticulum but without glycogen (excepted in the interstitial tissue). Bar = 0.5 }lm. (6) General 
observation of a viteIline ceIl at the third stage of maturation with occurrence of sheIl globule clusters. Bar = I }lm. (7) Cytoplasm of a ceIl at the third 
stage of maturation with endoplasmic reticulum arranged in paraIlel around the nucleus. Bar = 0.4 }lm. (8) Golgi complex associated with sheIl globule 
clusters. Bar = 1 }lm. (9) Glycogen particles around the viteIline clusters and the periphery of the cell. Arrowheads indicate nuclear pore. Bar = 0.5 }lm. 
BL, basal lamina; Chr, chromatin; ELM, electron-lucent matrix; ER, endoplasmic reticulum; G, glycogen particles; GC, Golgi complex; IT, interstitial 
tissue; M, mitochondria; Mb, membrane of sheIl globule cluster; N, nucleus, P, parenchyma; SG, sheIl globule; SGC, sheIl globule clusters. 
the periphery of the cell (Fig. 10). The nucleus possesses a very 
condensed chromatin (Fig. II) and has a roundish shape, but it is not 
centered. The nucleo-cytoplasmic ratio is at its lowest in the vitelline 
cell development (Fig. I). There are large shell globule clusters 
arranged at the periphery of the cell. In the most advanced stages, 
shell globules are separated by a large electron-lucent matrix in the 
clusters (Fig. II). Some endoplasmic reticulum sacculis could be in 
linear shape, or exhibit a concentric configuration (Fig. 12). There 
are few mitochondria, but most cells are devoid of this organelle. 
The main feature of this mature stage is the appearance of 
non-membrane-bound lipid droplets (Figs. 10, II). Usually, there 
is not more than a single large lipid droplet in the cells. Glycogen is 
less sparse in the cytoplasm than observed previously and seems to be 
concentrated at the periphery of the cell (Fig. l3). 
DISCUSSION 
Follicles 
The maturation of vitelline cells of A. tubarium is divided into 4 
main stages: stage I, undifferentiated cells; stage 2, beginning of 
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FIGURES 10-13. Electron micrographs of the fourth stage of maturation of vitelline cells stained according to Reynolds (1963) and Thiery (1967). (10) 
Transition between third and fourth stage, endoplasmic reticulum move to the periphery of the cell. Bar = 1 ~m. (11) General observation of a vitelline 
cell at the fourth stage, containing shell globule clusters, lipid droplet, and with a very condensed chromatin in the nucleus. Bar = 1 ~m. (12) An 
endoplasmic reticulum in parallel shape with a concentric configuration. Bar = 0.3 ~m. (13) Glycogen particle packed by heap. Bar = 0.3 ~m. CER, 
concentric endoplasmic reticulum; Chr, chromatin; ELM, electron-lucent matrix; ER, endoplasmic reticulum; G, glycogen particles; LD, lipid droplets; 
SGC, shell globule clusters. 
synthetic activity; stage 3, active protein synthesis; and stage 4, 
mature cells (Fig. 14). Vitelline cells at various stages of 
development were observed in each follicle (also called lobule) 
of the vitelline gland. Erasmus (1973) divided the process of 
vitellogenesis of Schistosoma mansoni into 4 stages, unlike 
Sampour (2008), Irwin and Threadgold (1970), Grant et a!. 
(1977), and Irwin and Maguire (1979) who classified vitellogenesis 
into 3 stages, i.e., immature, developing, and mature vitelline cells. 
According to Fried and Haseeb (1991), a review of the literature 
from 1975 to 1987 reveals that most authors follow the cleavage 
process for vitellogenesis of 4 stages for the Platyhelminthes. To 
date, the latter method has been used for Trematoda (Spence and 
Silk, 1971; Levron et a!., 2010), Rhabditophora (Sopott-Ehlers, 
1991, 1992; Falleni et a!., 1995, 1998, 2001, 2002, 2006), 
Eucestoda (Swiderski and Xylander, 2000; Swiderski et a!., 
2005), and Monogenea (Baptista-Farias and Kohn, 1998; Falleni 
et a!., 2006). Nevertheless, several special features can be 
distinguished between the different species of Digenea. 
Interstitial tissue 
At the periphery of the follicle and between maturing vitelline 
cells, there is cytoplasm that transports mitochondria, glycogen 
granules, and endoplasmic reticulum. These structures have been 
observed previously in cestodes by Swiderski and Xylander 
(2000). In A. tubarium, no nucleus was observed, unlike in 
Aspidogaster limacoides (Aspidogastrea) where the nucleus occurs 
at the periphery of the vitelline follicle (Levron et a!., 2010). These 
cells seem to correspond in structure to the "nurse cells" of 
Fasciola hepatica, described by Irwin and Threadgold (1970). 
According to Adiyodi and Adiyodi (1988), nurse cells with 
syncytial structure (with 2 or 3 nuclei) also have been observed. 
These structures are believed to be involved in the selection and 
transport of materials from the parenchyma to the developing 
vitelline cells. The development of nurse cells may be correlated 
with large vitelline follicles and large shell globule clusters (Irwin 
and Maguire, 1979). Nonetheless, this organization is not present 
in all vitelline follicles of digeneans (Table I). 
Vitelline cells 
Nucleus: The nucleus of vitelline cells of A. tubarium is round, 
with irregular patches of heterochromatin, generally distributed 
close to the nuclear membrane, with an invagination in the 
nucleoplasm. No nucleoli were observed in vitelline cells of A. 
tubarium, similarly to Pharyngostomoides procyonis (Grant et a!., 
1977). Some nuclear pores arise at the beginning of synthetic 
activity. The nucleo-cytoplasmic ratio decreased during the 
maturation of vitelline cells, as for all platyhelminth vitelline cells 
described thus far (Irwin and Threadgold, 1970; Holy and 
Wittrock, 1986; Martinez-Alos et a!., 1993; Falleni et a!., 1995; 
Swiderski and Xylander, 2000; Levron et a!., 2010). The 
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FIGURE 14. Diagram showing the four stages of vitellogenesis of Aphallus tubarium. (A) Stage L (B) Stage 2. (C) Stage 3. (D) Stage 4. Chr, chromatin; 
ELM, electron-lucent matrix; ER, endoplasmic reticulum sacculis; G, glycogen particles; LD, lipid droplets; M, mitochondria; N, nucleus; SG, shell 
globule; SGC, shell globule clusters. 
occurrence of an obvious nucleolus in the mature vitelline cells 
nucleus varies according to the digenean species (Table I). 
Mitochondria: The general structure of mitochondria of A. 
tubarium corresponds to that found in other digeneans (Irwin and 
Threadgold, 1970; Erasmus, 1973; Adiyodi and Adiyodi, 1988). 
Some differences manifest in the number of mitochondria during 
the maturation. Erasmus (1973) observed that the mitochondria 
are abundant in mature vitelline cells of S mansoni. However in 
A. tubarium, mitochondria were only observed in stages 1 and 2. 
Shell globule cluster synthesis: Shell globule cluster synthesis 
takes place in 3 stages for all platyhelminths. First, the 
endoplasmic reticulum sacculis appear in the second stage of 
maturation, although a few are present in the first stage for A. 
tubarium. They are covered by ribosomes, reflecting a higher 
synthesis activity. Then, the presence of spherical Golgi cisternae 
gives rise to shell globules (Erasmus, 1973; Holy and Wittrock, 
1986; Martinez-Alos et aI., 1993). This explains why Golgi 
complexes are often found near an electron-dense globule. In 
other species, such as Dicrocoelium den triticum (Holy and 
Wittrock, 1986; Martinez-Alos et aI., 1993), coated transfer 
vesicles between endoplasmic reticulum and Golgi complex in 
stage II were seen, reflecting the protein origin of the shell 
globules. 
Finally, shell globules cluster with each other. Different forms 
of clusters have been observed during digenean vitelline cell 
studies (Table I). Indeed, the clusters of A. tubarium are in a 
spherical shape, as in Ha/ipegus eccentricus (Holy and Wittrock, 
1986) and Pharyngostomoides procyonis (Grant et aI., 1977). 
There are not many clusters in vitelline cells of A. tubarium (3-4 
by transversal section), but these clusters are very large in the 
most mature stages (larger than the nucleus). In other trematodes, 
such as Halipegus eccentricus (Holy and Wittrock, 1986), there are 
numerous clusters (>8 by transversal section), but these clusters 
are smaller than the nucleus. In A. tubarium, the electron-lucent 
matrix, observed in clusters, seems to be thinner than in G. 
vitelliloba clusters (Irwin and Maguire, 1979). 
In certain vitelline cells of A. tubarium, the endoplasmic 
reticulum sacculis exhibit a spiral configuration. These structures 
are observed in many digenean trematodes (Table I), but they 
seem to differ in their composition. They resemble those that 
Grant et aI. (1977) called "membranous whorls" in P. procyonis. 
The function of these bodies is unclear, but, as suggested by Grant 
et aI. (1977), they may serve as a source of nutrition, or be residual 
bodies. 
Lipid and glycogen production: Presently, it is known that the 
lipid droplets are involved in the future nutrition of the embryo 
(Swiderski and Xylander, 2000). The production of lipid droplets 
occurs at the end of the maturation process for A. tubarium. 
Moreover, only 1 droplet is observed per cell, but this 
characteristic varies between platyhelminths, particularly for 
digeneans (Table I), i.e., in vitelline cells of S mansoni, several 
droplets are observed, whereas vitelline cells of F. hepatica (Irwin 
and Threadgold, 1970) are devoid of lipid droplets. 
The production of glycogen is assumed to serve as source of 
energy for the developing embryo (Levron et aI., 20lO). Similar to 
lipid production, the glycogen synthesis occurs near the end of the 
vitelline cells maturation and glycogen particles are grouped at the 
periphery in the most mature cells for A. tubarium. In some 
digeneans, there are no glycogen particles in vitellocytes during 
vitellogenesis (Table I), i.e., P. procyonis (Grant et aI., 1977), 
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TABLE I. Ultrastructural characteristics of vitellogenesis of Aphallus tubarium compared with literature in digenean trematodes (families are in 
alphabeticalorder)·*t 
Family Species IT NI LD G CER SGC References 
Cryptogonimidae Aphallus tubarium + without nucleus + + Spherical This study 
Derogenidae Halipegus eccentricus + Spherical Holy and Wittrock, 1986 
Dicrocoeliidae Dicrocoelium dendriticum + without nucleus + + + Irregular Martinez-Alos et aI., 1993 
Diplostomidae Pharyngostomoides procyonis + Spherical Grant et aI., 1977 
Fasciolidae Fasciola hepatica + with nucleus + + + Spherical Irwin and Threadgold, 1970 
Gorgoderidae Gorgoderina vitelliloba + with nucleus + <I Spherical Irwin and Maguire, 1979 
Haploporidae Haploporus lateralis + without nucleus + <I + Irregular Sampour, 2008 
Microphallidae Maritrema linguilla + <I + Irregular Hendow and James, 1989 
Microphallidae Maritrema feliui + <I + Irregular Swiderski et aI., 20 II 
Schistosomatidae Schistosoma mansoni + with nucleus + <I + + Irregular Erasmus, 1973 
• CER, concentric endoplasmic reticulum; 0, glycogen; IT, interstitial tissue; LD, lipid droplets; Nl, nucleolus; SOC, shell globule clusters. 
t Presence (+) or absence (-) of considered character; no value indicates no data on the considered character. 
Maritrema linguilla (Hendow and James, 1989), and H. eccen-
tricus (Holy and Wittrock, 1986). The location of these glycogen 
particles varies according to species, e.g., in G. vitelliloba glycogen 
particles are observed only in nurse cells and are absent from 
vitelline cells (Irwin and Maguire, 1979). The difference in 
methods used could explain the diversity of results (Thiery, 
1967; this study). 
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SEROPREVALENCE OF TOXOPLASMA GONDIIINFECTION IN DOMESTIC HORSES IN 
DURANGO STATE, MEXICO 
c. Alvarado-Esquivel, S. Rodrfguez-Pena, I. Villena*, and J. P. Dubeyt 
Faculty of Medicine and Nutrition, Juarez University of Durango State, Avenida Universidad SIN, 34000 Durango, Mexico. e-mail: jitender,dubey@ 
ars. usda, gov 
ABSTRACT: The seroprevalence of Toxoplasma gondii infection in horses in Mexico is unknown. Therefore, antibodies to T gondii 
were assessed in 495 horses in Durango State, Mexico, using the modified agglutination test (MAT), Horses were from 18 farms in 3 
municipalities in the valley region of Durango State, Antibodies to T gondii were found in 30 (6,1 %) of 495 horses, with MAT titers of 
1:25 in 19, 1:50 in 6, and 1:100 in 5. Seropositive horses were found in 8 (44.4%) of 18 farms sampled in all 3 municipalities. Age, 
gender, and breed of horses did not influence significantly the seroprevalence of T gondii infection, The seroprevalence in horses was 
higher in rural (7,8%) versus urban (0%) areas, and in larger herds (30~64 horses, 7,8%) versus smaller ones (3~28, 3,5%), The 
seroprevalence was higher in stall fed (16,5%) than in pastured horses (3,1 %), Results indicate that infected horses represent a potential 
source of T gondii infection for humans in Mexico, This is the first report of T gondii infection in horses in Mexico, 
Infections with the parasite Toxoplasma gondii in domestic 
equids have been reported in many countries (Dubey, 2010), The 
ingestion of infected undercooked meat and food and water 
contaminated with oocysts from the environment are the 2 most 
important modes of transmission of T. gondii for humans, 
Horsemeat is consumed by humans in many countries and viable 
T. gondii has been isolated from horses slaughtered for human 
consumption (AI-Khalidi and Dubey, 1979; Dubey, 2010), 
Recently, in France severe human toxoplasmosis has been 
epidemiologically linked to ingestion of imported undercooked, 
or raw, horsemeat (Pomares et aI., 2011), Horsemeat is consumed 
by humans in Mexico and also exported to other countries, Here 
we sought to determine the seroprevalence of T. gondii infection 
in horses raised in Durango, Mexico, because there is no prior 
information for Mexico, 
MATERIALS AND METHODS 
Horses surveyed 
Domestic horses (Equus cabal/us, n = 495) were sampled from 18 
properties in 3 municipalities of Durango State from August 2011 to 
March 2012 (Table I), Most (n = 485) horses were apparently healthy, but 
10 horses definitely were ilL The number of horses per farm ranged from 3 
to 62 (median 27), All farms were located in the valley region of Durango 
State, Horses were pure breeds (363 American quarter horse, 5 Appendix, 
11 Azteca, and 6 Spanish) and mixed breed (n = 110), aged O.4-mo- to 22-
yr-old (median 6),103 (20,8%) females, and 392 (79,2%) males, Most (n = 
442) horses were fed grains, forage crops (alfalfa, oat, maize plant), and 
balanced feeds, while 53 were pastured without supplementary feeding, 
Serological examination 
Blood was collected from horses by direct venipuncture; sera were 
obtained by centrifugation and stored at -20 C until tested, Horse sera 
were tested for T gondii antibodies using 2-fold serial dilutions from 1:25 
to 1 :3,200, with the modified agglutination test (MAT) as described by 
Dubey and Desmonts (1987). A titer of 1:25 was used as a cutoff for 
seropositivity in MAT. 
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Statistical analysis 
Statistical analysis was performed using Epi Info software version 3,5,1 
(Centers for Disease Control and Prevention: http://wwwn,cdc,gov/ 
epiinfo/), For comparison of the frequencies among groups, the Pearson's 
chi-square test or, when indicated, the Fisher exact test, were used, A P 
value of <0,05 was considered statistically significant. 
RESULTS 
Antibodies to T. gondii were found in 30 (6,1 %) of 495 horses, 
with titers of 1:25 in 19, 1:50 in 6, and 1:100 in 5, Seropositive 
horses were found in 8 (44.4%) of 18 farms, with higher 
seroprevalence in horses from the municipality of Nuevo Ideal 
(17,5%) and Guadalupe Victoria (10.4%) than those from the 
municipality of Durango (4,0%) (Table I). All farms had cats, 
The seroprevalence of T. gondii infection was comparable among 
horses regardless their age, gender, breed, and health status. In 
contrast, the seroprevalence of T. gondii infection in horses from 
rural areas was significantly (P = 0.005) higher than those in 
urban areas, and higher seropositivity in horses from larger herds 
T ABLE I. Seroprevalence of Toxoplasma gondii infection in domestic 
horses in Durango, 
Seroprevalence of 
Farms T gondii infection 
Municipality surveyed Location No, tested No. % 
Durango D-I Rural 35 2.9 
D-2 Rural 22 3 13.6 
D-4 Rural 18 I 5,6 
D-l1 Rural 54 5 9,3 
D-12 Rural 42 5 11.9 
9 farms* 3 urban, 207 0 
6 rural 
All 378 15 4 
Guadalupe G-I Rural 28 0 0 
Victoria G-2 Rural 19 3 15,8 
G-3 Rural 30 5 16.7 
All 77 8 10.4t 
Nuevo Ideal N-l Rural 40 7 l7,5t 
All 495 30 6.1 
* D3 (rural, n = 62), D5 (urban, n = 31), D6 (urban, n = 18), D7 (rural, n = 7), D8 
(rural, n = 25), D9 (rural, n = 3), DIO (urban, n = 28), D13 (rural, n = 27), Dl4 
(rural, n = 6). 
t Significantly higher than that in Durango municipality (P = 0.02). 
:: Significantly higher than that in Durango municipality (P = 0.002). 
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TABLE II. General characteristics of the 495 horses studied and 
seroprevalence of T gondii infection. 
Seropositivity 
Characteristics No. tested No. % P value 
Age (yr) 
0.4-1 28 0 0 0.65 
2-5 195 11 5.6 
6-10 176 13 7.4 
11-15 63 4 6.3 
16-22 33 2 6.1 
Gender 
Male 392 26 6.6 0.29 
Female 103 4 3.9 
Breed 
Pure 385 24 6.2 0.76 
Mixed 110 6 5.5 
Location 
Urban 77 0 0 0.005 
Rural 418 30 7.2 
Herd size 
3-28 201 7 3.5 0.04 
30-64 294 23 7.8 
(Table II). Seroprevalence of T. gondii infection in free-range 
horses feeding in pastures was 1.9% (1/53), while seroprevalence 
in horses fed otherwise (grains, forage crops, etc.) was 6.6% 
(29/442) (P = 0.14). In municipalities (Nuevo Ideal and 
Guadalupe Victoria), the seroprevalence was significantly 
(P = 0.04) higher in horses fed with grains, forage crops, etc. 
(14/85: 16.5%) than in pastured horses (1/32: 3.1 %). 
DISCUSSION 
We found a 6.1 % seroprevalence of T. gondii infection in horses 
raised in Durango, Mexico, which is comparable to that reported 
in horses in the United States. Dubey et ai. (1999) tested serum 
samples from horses slaughtered for food in North America and 
found a 6.9% prevalence of antibodies to T. gondii. In contrast, 
seroprevalence of T. gondii in wild horses from central Wyoming 
was found in only 1 of 276 horses using the same MAT procedure 
in all 3 studies (Dubey et aI., 2003); the low infection is probably 
related to the rarity of cats in the wild. 
We found seropositive horses in the 3 Mexican municipalities 
explored, suggesting a wide dissemination of T. gondii in the 
environment. In fact, cats were present in all farms surveyed, and 
we have previously documented T. gondii infection in 9.3% to 
21 % of domestic cats in Durango, Mexico (Alvarado-Esquivel 
et aI., 2007; Dubey et aI., 2009). These seropositive cats would 
have shed oocysts in the environment. 
Remarkably, in the present study, the seroprevalence was 
higher in rural than in urban horses and in large sized herds than 
in smaller ones. These findings correlate each other since large 
herds were found rather in rural than in urban settings. It is likely 
that poorer hygiene practices for feeding in rural, than in urban, 
surroundings might have contributed to these findings. Interest-
ingly, in the 2 municipalities with the highest levels of infection, 
the seroprevalence of T. gondii infection was significantly higher 
in horses fed with grains, forage crops, etc., than in horses feeding 
in pastures. The most likely explanation of this difference is the 
closer contact with cats in horses fed with grains, forage crops, 
etc., than in pastured horses in the field. Cats are used to control 
rodents in stables and may contaminate water or food for horses, 
while the contact with cats in free-ranged horses is likely sporadic. 
The low seroprevalence found in horses feeding from the field 
could be compared with the low seroprevalence reported in wild 
horses (Dubey et aI., 2003) since they are also free range and feed 
from the field. Horses most probably become infected with T. 
gondii by ingesting food and water contaminated with oocysts. 
However, results with Trichinella spiralis infection suggest that 
horses will consume rodents in their feed. 
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EXCYSTATION SIGNALS DO NOT ISOLATE GREGARINE GENE POOLS: EXPERIMENTAL 
EXCYSTATION OF BLABERICOLA MIGRATOR AMONG 11 SPECIES OF COCKROACHES 
Shelby M. Steele, Debra T. Clopton, and Richard E. Clopton* 
Department of Natural Science, Peru State College, Peru, Nebraska 68421. e-mail: rclopton@oakmailperu.edu 
ABSTRACT: An experimental excystation assay was used to test the potential species isolating effects of excystation signaling among 
gregarines, Oocysts of a single gregarine species, Blabericola migrator, were tested for activation, excystation, and sporozoite motility 
by using intestinal extracts from 11 species of cockroaches representing a cohesive phylogeny of 7 genera, 3 subfamilies, and 2 families 
of Blattodea, Sporozoite activation, excystation, and motility were observed for all excystation assay replications using intestinal fluid 
from blaberid hosts, but delayed activation or excystation was observed for all assay replications using intestinal fluid from hosts in the 
family Blattidae, The results illustrate a trend toward a generalized excystation signal among gregarines that is conserved across the 
host clade at a subfamily or family level but that is unlikely to playa significant role as a species-isolating mechanism among sibling 
gregarine species, 
Host specificity is a vague term that is not without conceptual 
merit, i,e., parasites have evolved in concert with their hosts and 
these evolutionary changes tend to increase compatibility, 
transmissibility, and parasite survival. The term is vague simply 
because it encompasses too many notional ideas and phenomena 
under a single rubric. Although often conceived as a compilation 
of known hosts, host specificity has intellectual utility only when 
it extends beyond a basic list of host species from which a parasite 
species occurs and begins to address patterns of evolutionary 
or ecological significance (see Barger, 2011 on the ecological 
significance of host specificity and host equivalency). Host 
specificity is a function of both physiological and ecological 
components. The physiological component is endogenous and 
evolutionary, reflecting basic signaling, recognition, and compat-
ibility in a host-parasite relationship. The relevant question is, 
can this parasite recognize, infect, and complete its life cycle in 
this host? The ecological component is exogenous and contem-
porary, reflecting the encounter dynamics of hosts and parasite 
transmission stages. In this case, the relevant question is, does this 
parasite species have sufficient spatio-temporal overlap with this 
host species to establish a stable infective cycle? 
Gregarine host specificity can be enforced during any 1 of 4 
phases of the gregarine life cycle, i.e., gametogony and sporogony, 
excystation, establishment and growth, and sexual association 
and syzygy. Gametogony and sporogony are environmentally 
mediated processes correlated with abiotic conditions of the host 
niche, restricting encounter rates by influencing the distribution of 
oocysts in the environment and reflecting an ecological compo-
nent of host specificity. Gregarines whose gametocysts cannot 
survive to produce infective oocysts under a host's preferred niche 
conditions will not have sufficient host species overlap and 
interaction to establish a stable infective cycle. In contrast, 
excystation is a signaling and recognition event, whereas 
establishment, growth, sexual association, and syzygy are 
compatibility-dependent processes, Together, they reflect evolved 
physiological components of host specificity and failure of a 
gregarine species to successfully passage any single phase in a 
suitable host species enforces stricter host specificity, ultimately 
leading to gene pool isolation and species divergence. 
Received 23 February 2012; revised 24 April 2012; accepted 27 April 
2012. 
*To whom correspondence should be addressed, 
DOl: to.t64S/GE-3t22.1 
946 
Previous studies of gregarine host specificity are either 
empirical tests of excystation or infection (Corbel, 1968; Clopton 
et a!., 1992; Clopton and Janovy, 1993; Clopton and Gold, 1995, 
1996; Watwood et aI., 1997; Wise et aI., 2000; Smith and Cook, 
2008) or depend upon conclusions drawn from observational and 
survey studies (Corbel, 1971; Clopton, 2004, 2006; Clopton et a!., 
2004; Cielocha et aI., 2011). For any empirical test of host 
specificity, the level of perceived host specificity is a function of 
the relatedness of the experimental host taxa. Prior studies of host 
specificity reflect the ready availability of experimental host taxa 
rather than a cohesive host phylogenetic context. To accurately 
appraise host specificity across a host lineage, experimental host 
taxa must be chosen to reflect a series of more inclusive 
outgroups. The study presented here uses an experimental 
excystation technique to test the host specificity of Blabericola 
migrator across 11 species of cockroaches representing 7 genera, 3 
subfamilies, and 2 families of Blattodea. 
MATERIALS AND METHODS 
An experimental excystation assay was used to evaluate the suitability 
of II cockroach species for oocyst activation and excystation of B. 
migrator, which is described from Gromphadorhina portentosa, but also 
normally infects Princisia vanwaerebecki (Clopton, 1996a, 1996b), For 
each cockroach species tested, 3 replicates of the excystation assay were 
conducted. Excystation assays using intestinal extracts of P. vanwaerebecki 
served as a positive control for the technique. Gregarine and cockroach 
culture, collection of infective oocysts, preparation of host intestinal 
extracts, and the excystation assay itself are described individually, as 
follows. 
Gregarine and cockroach culture 
Blabericola migrator maintained in vivo in breeding colonies of P. 
vanwaerebecki provided oocysts for experimental excystation studies, 
Archimandrita tessellata, Blaberus giganteus, Blaberus craniifer, Blaberus 
discoidalis, Henschoutedenia flexivitta, G. portentosa, Gromphadorhina 
oblongonota, Elliptorhina chopardi, Periplaneta americana, and Periplaneta 
australasiae maintained in breeding colonies provided host intestinal fluids 
for experimental excystation studies. Breeding cockroach colonies were 
maintained individually in 22-L polycarbonate containers with coir 
bedding and cardboard egg crate roosting habitat. Food (Complete & 
Balanced Purina® Dog Chow®, Nestle Purina Pet Care Company, St. 
Louis, Missouri) and water were provided ad libidum. 
Collection of infective oocysts 
Gregarine gametocysts were collected from P. vanwaerebecki by 
isolating 30-60 cockroaches in groups of 15-20 individuals in stacked 
2S0-ml glass Carolina culture dishes (Carolina Biological Supply 
Company, Burlington, North Carolina). Groups were maintained in 
isolation for 24 hr, and gametocysts were harvested from their 
accumulated feces as follows. Feces were collected and softened by 
soaking in half-strength Griffiths & Tauber saline (120 mM NaCl, 
1.35 mM KCI, 1.8 mM CaCh, and 1.2 nM NaHC03; modified from 
Griffiths and Tauber [1943]). Gametocysts teased and collected from 
softened feces were triple rinsed in saline to reduce surface contamination 
by bacterial and fungal spores, transferred to 7-mm black cardstock disks 
saturated with a 0.1 % aqueous methylparaben (methyl parahydroxy-
benzoate) solution, and placed in the well of a 60-mm center-well organ 
culture dish (BD Falcon TM; BD Biosciences, Franklin Lakes, New Jersey). 
The outer trough of the dish was filled with a hydrating gel of finely milled 
cross-linked polyacrylamide (SoilMoist Granules®; JRM Chemical, Inc., 
Cleveland, Ohio) saturated with 0.1 % aqueous methylparaben solution. 
The hydrating gel provides consistent high humidity for gametocyst 
development and dehiscence. Each dish was covered and placed inside a 
100-mm glass Petri dish to reduce desiccation and maintained at 25 C for 
gametocyst development. Gametocysts matured and dehisced to produce 
infective oocysts for experimental studies within 3-4 days. 
Preparation of cockroach intestinal extracts 
Cockroach intestinal extracts were prepared by removing the intestinal 
tract from a single cockroach and extracting the fluid from the midgut 
lumen by using a 5-J.lI Drummond Wiretrol capillary tube and Microcap 
bulb with silicone tip (Drummond Scientific Company, Broomall, 
Pennsylvania). For each preparation, 2.5 J.Ll ofluminal fluid was collected, 
the microcap bulb was removed, and the end of the capillary tube was 
sealed with Critoseal® (Oxford Labware, St. Louis, Missouri). Prepared 
tubes were spun in a hematocrit centrifuge for 45 sec to separate bacteria 
and particulates from the intestinal fluid itself. Removal of bacteria and 
particulates enabled clear observation of changes in oocysts placed in the 
intestinal fluid and prevented bacterial overgrowth of experimental 
preparations. 
Excystation assay 
For each assay, a subsample of centrifugally cleared host intestinal fluid . 
was placed on a 12-mm circular coverslip with several thousand B. 
migrator oocysts, and then the coverslip was inverted onto a glass slide to 
make a temporary wet mount. Each coverslip was sealed to its microscope 
slide with a meniscus of paraffin oil to prevent desiccation. Excystation 
preparations were observed at X800 magnification by using a B-Max 50 
compound microscope (Olympus, Tokyo, Japan) with lOX eyepieces, 40x 
universal planapochromatic objectives with phase contrast condensers, 
and an infinity-optics turret doubler. Observations were made at 5-min 
intervals for 1 hr, or until excystation was apparent in a majority of 
oocysts in the preparation. The excystation assay was replicated 3 times 
for each cockroach species in the study. 
Host phylogeny 
Cytochrome oxidase II sequence data was used to produce a maximum 
likelihood phylogeny for host taxa in the study. Groups, taxa, and 
corresponding GenBank accession labels were as follows: Blattodea, 
Blaberoidea, Blaberidae, Blaberinae: Archimandrita tessel/ata (DQ874263), 
Blaberus craniifer (DQI81518), Blaberus discoidalis (ABOI4063), Blaberus 
giganteus (EF363219); Blattodea, Blaberoidea, Blaberidae, Blaberinae: 
El/iptorhina chopardi (DQ874278), Gromphadorhina oblongonota (DQ874287), 
Gromphadorhina portentosa (EF363207), Henschoutedenia flexivitta (DQ87429I ), 
Princisia vanwaerebecki (DQ874318); and Blattodea, Blattoidea, Blattidae, 
Blattinae: Periplaneta americana (PELMTCOII), Periplaneta australasiae 
(DQ8743 10). Blattodea, Polyphagoidea, Polyphagidae, Polyphaginae: 
Polyphaga aegyptiaca (ABOI4069) served as an outgroup for rooting. The 
resulting topology corresponds to those of Kambhampati (1995) and 
Inward et al. (2007) but includes species relationships included in neither of 
these studies. 
RESULTS 
The normal response of oocysts to the excystation assay using 
P. vanwaerebecki intestinal extract is characterized by activation 
of sporozoites within the oocyst, sporozoite excystation, and 
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sporozoite motility (Figs. 1-5). Initially oocysts are clear and 
glassine, with no visual evidence of internal dormant sporozoites 
(Figs. 1, 5). Activation of sporozoites is marked by darkening of 
individual sporozoites within the oocyst until both become 
opaque. Although activated, at this point sporozoites remain 
quiescent (Figs. 2, 5). Excystation is marked by emergence of 
sporozoites through polar channels in the oocyst wall. On contact 
with the surrounding host intestinal fluid, sporozoites become 
motile and begin to swim with a sinuate nematode-like motion 
(Figs. 3, 5). Once fully emerged, sporozoites remain motile and 
move away from the oocyst. Evacuated oocysts are visually 
distinct from unactivated oocysts. The oocyst wall in an 
unactivated oocyst appears as a boundary margin, whereas the 
thickness of the oocyst wall and polar channels is apparent in an 
evacuated oocyst (Figs. 4, 5). 
Sporozoite activation, excystation, and motility were observed 
for all excystation assay replications using intestinal fluid from 
P. vanwaerebecki, E. chopardi, G. portentosa, G. oblongonota, B. 
giganteus, B. craniijer, B. discoidalis, and H. flexivitta. In these 
assays, sporozoite activation was complete within 15 min of 
exposure to intestinal fluid, excystation began 15-20 min post-
exposure, and sporozoites remained motile well over 1 hr. 
Sporozoite activation, excystation, and motility were observed 
for all excystation assay replications using intestinal fluid from A. 
tessellata, but in all replications the excystation was delayed by 5-
10 min and the overall rate of activation and excystation was 
notably lower (approximately an order of magnitude lower by 
visual estimate) than for the aforementioned host species. For all 
excystation assay replications using intestinal fluid from P. 
australasiae, sporozoite activation occurred normally (within 
15 min), but excystation was delayed by 40-50 min. Post-
t:xcystation sporozoite motility was normal. For all excystation 
assay replications using intestinal fluid from P. americana, 
sporozoite activation occurred normally (within 15 min), but no 
sporozoite excystation or motility was observed, although 
observations were extended to 90 min post-exposure. 
DISCUSSION 
Results of experimental excystation studies are summarized in 
the context of the host phylogeny in Figure 6. Sporozoites of B. 
migrator activated, excysted, and demonstrated normal motility 
across all of the oxyhaloinid and most of the blaberinid 
cockroaches included in the study. Delayed excystation was 
observed only in A. tessellata, the most phylogenetically distant 
blaberinid cockroach in the study. Excystation was either delayed 
or not observed in both cockroach species representing Blattidae. 
Blabericola migrator was originally described from G. portentosa. 
Accordingly, successful excystation is expected in the internal 
Gromphadorhina-Princisia clade. The remaining pattern of 
successful excystation indicates that host signals eliciting activa-
tion, excystation, and motility in sporozoites of B. migrator are 
conserved across all blaberinids tested but that these signals are 
not fully conserved among blattids. These results support the 
conclusion that the host signals in the intestinal lumen eliciting 
activation, excystation, and motility in gregarine sporozoites are 
generalized signals rather than host specific signals, at least in the 
gregarines parasitizing blaberoideans. 
Host specificity studies are more than questions of who infects 
whom. They are fundamental to understanding species boundar-
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FIGURES \-5. Excystation of Blabericola migrator oocysts in vitro. (1) Oocysts in host gut fluid before activation (phase contrast microscopy). Note the 
transparent nature of enclosed, quiescent sporozoites within each oocyst. (2) Activated oocysts in host gut fluid (phase contrast microscopy). Sporozoites 
become opaque within activated oocysts that appear dark under phase contrast microscopy. (3) Excysted sporozoites free in host gut fluid (phase contrast 
microscopy). Sporozoites are light colored and mobile, exhibiting a serpentine, nematode-like swimming motion. (4) Evacuated oocyst with free sporozoites 
in host gut fluid (phase contrast microscopy). (5) Oocysts and sporozoites in host gut fluid (differential contrast microscopy). Ac, unexcysted oocyst with 
activated sporozoites; Ev, evacuated oocyst; Ex, oocyst with excysting sporozoite; Sp, free sporozoite; Un, unexcysted oocyst with dormant sporozoites. 
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Periplaneta americana • 0 0 Blattoidea: Blattidae 
Periplaneta australasiae • () • 
Archimandrita tesse/Jata • () • 
Blaberinae 
Blaberus discoidalis • • • 
Blaberus giganteus • • • Blaberoidea: 
Blaberidae 
Blaberus cranii'er • • • 
Henschoutedenia flexivitla • • • 
Oxyhaloinae 
Elliptorhina chopardi • • • 
Gromphadorhina portentosa • • • 
Princisia vanwaerebecki • • • 
Gromphadorhina oblongonota • • • 
FIGURE 6. In vitro activation, excystation, and motility of Blabericola migrator sporozoites across the phylogeny of II species of cockroaches. 
(., normal activation, excystation or motility; (), delayed excystation; 0, no excystation or motility). 
ies and gene pool isolating mechanisms acting in parasitic 
lineages. Regardless of their specific form, species isolating 
mechanisms in parasitic lineages must prevent reproductive 
overlap in the definitive host. Several generalized gene pool 
isolating mechanisms have been proposed for gregarines parasit-
izing insects, postulating both exogenous and endogenous 
isolating effects. 
Exogenous gregarine gene pool isolating mechanisms are the 
result of interactions between the host, the parasites' infective 
stages, and the environment. These mechanisms are ecological, 
depending upon overlap and interaction of host and parasite 
populations, given physiological compatibility of host and 
parasite species. Clopton and Janovy (1993) hypothesized that 
host specificity in the gregarine complex infecting Tenebrio 
molitor was reinforced by overlap of the host niche with the 
environmental requirements for gametocyst development. Similar 
examples of host niche fidelity aligned with gregarine gametocyst 
development requirements have been postulated for gregarines 
infecting tetrigid grasshoppers (Clopton et aI., 2004). Host-
mediated isolation is a variation of this phenomenon in which 
niche specialization and fidelity on the part of the host prevents 
cross-transmission of gregarines among related hosts in gregarines 
parasitizing calopterygid damselflies (Clopton, 2004) and tene-
brionid beetles (Clopton, 2006). 
Endogenous gregarine gene pool isolating mechanisms are the 
result of structural, metabolic, or physiological interactions 
between hosts and infective gregarine life cycle stages. These 
mechanisms are evolutionary or phylogenetic in nature, depend-
ing upon evolved compatibility among species. They may be 
simple physiological effects such as host intestinal pH (Clopton 
and Gold, 1995) or more complex physiological effects that seem 
to signal host suitability to an infective oocyst (Corbel, 1968; Patil 
et aI., 1985; Clopton and Gold, 1996; Smith and Cook, 2008). 
Corbel (1968) used experimental cross-infections to evaluate 
host specificity among 6 species of gregarines and 23 species of 
crickets and grasshoppers, experimentally testing 79 of 138 
possible host-gregarine combinations and concluding that host 
specificity of gregarines infecting orthopteran hosts was a 
function of host superfamily rather than host genus or species. 
In contrast, Patil et ai. (1985) conducted cross-excystation and 
cross-infection experiments using 9 gregarine species (3 genera, 1 
family) and 8 species of tenbrionid beetles (7 genera, 4 tribes, 2 
subfamilies, 1 family). In their experiments, all gregarine species 
excysted and established experimental infections in their natural 
hosts, but only 5 gregarine species excysted and no gregarine 
successfully established an infection in an experimental host 
species. It is worth noting that although most experimental 
excystations were unsuccessful, all successful experimental excys-
tations were reciprocally successful; where experimental excysta-
tion was successful, host pairs were equally competent to elicit 
excystation in the normal gregarine parasites associated with each 
host species even though they were incapable of supporting 
establishment and infection. 
Clopton and Gold (1996) used reciprocal cross-infections 
and reciprocal cross-excystation assays to test the host 
specificity of a single gregarine, Gregarina blattarum, across 5 
species of domiciliary cockroaches. Although G. blattarum 
was able to excyst in all 5 cockroach taxa, infections were 
successfully established only in the natural host Blatella 
germanica. Similarly, Smith and Cook (2008) used reciprocal 
cross-infections and reciprocal cross-excystation assays to test 
the host specificity of 5 gregarine species across 6 cockroach 
host taxa. In contrast to Clopton and Gold (1996), Smith and 
Cook (2008) reported absolute host specificity mediated by 
excystation; gregarines could excyst or establish infections only 
in their natural hosts. 
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These and other studies of gregarine host specificity exist 
(Corbel, 1968, 1971; Clopton et aI., 1992; Clopton and Gold, 
1996; Watwood et aI., 1997; Wise et aI., 2000; Smith and Cook, 
2008; Cielocha et aI., 2011), but most lack a phylogenetic context. 
Thus, they often attempt to cross-infect distantly related hosts 
with distantly related gregarines and accept the failure to cross-
infect as general evidence of strict host specificity among 
gregarines. But gregarine host specificity reflects a continuum of 
restrictivity. Although generally thought of as a "1 host species 
for each gregarine species" arrangement, host specificity can 
constrict to developmental stages of a single host species (Clopton 
et aI., 1991, 1992) or expand to include several related host species 
(Corbel, 1968, 1971; Levine, 1988; Cielocha et aI., 2011), so there 
is little evidence to suggest that the host specificity of gregarines 
justifies a maxim of "different host, different gregarine." 
Our study illustrates a trend toward a generalized excystation 
signal among gregarines that is conserved across the host clade at 
a subfamily or family level. This trend corroborates the results of 
Corbel (1968), Patil et al. (1985), and Clopton and Gold (1996), 
but it stands in stark contrast to the results of Smith and Cook 
(2008). This discrepancy may be a methodological artifact. Smith 
and Cook (2008) used a buffer solution to dilute the host gut 
extracts used in their study, and this dilution may have reduced 
potential signaling or enzymatic effects to a sub-threshold level in 
experimental hosts. It should be noted that our study considers 
the response of a single gregarine species across an array of host 
taxa. Future, reciprocal studies using gregarine species that 
naturally infect other host taxa in the array can determine the 
degree to which this phenomenon is generalized. Nonetheless, the 
preponderance of available evidence supports the conclusion that 
excystation signaling is a relatively conserved, generalized phe-
nomenon that reflects ancient associations between gregarines and 
their host lineages and that excystation signaling is unlikely to play 
a significant role as an endogenous species-isolating mechanism 
among gregarine sibling species. 
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A NEW SARCOCYSTIS SPECIES (APICOMPLEXA: SARCOCYSTIDAE) FROM THE ROCK 
GECKO BUNOPUS TUBERCULATUS IN SAUDI ARABIA 
A. S. Abdel-8aki*, H. M. Abdel-Haleem*, and S. AI-Quraishy 
Zoology Department, College of Science, King Saud University, Saudi Arabia, P.O. Box 2455, Riyadh 11451, Saudi Arabia. e-mail: azema 1@ 
yahoo. com 
ABSTRACT: Sarcocystis bunopusi n, sp, from the muscle fibres of the rock gecko (Bunopus tuberculatus) in Saudi Arabia is described, 
Sarcocysts were found in skeletal muscles of the tail and fore and hind limbs in 3 of 30 geckos. Sarcocysts were microscopic, 42-45 !lm 
long and 22-25 !lm wide, Using light microscopy, the cyst wall was thin and smooth, Ultrastructurally, the primary cyst wall consisted 
of a thin parasitophorous vacuolar membrane with osmiophilic 100 nm X 50 nm knob-like papillae, and no perpendicular protrusions, 
Septae were indistinct. Bradyzoites were 5-7 x 1.5-2.0!lm in size, This is the first description of a Sarcocystis species from this gecko, 
Sarcocystis spp, have 2-host prey-predator life cycles; more 
than 100 species have been described from warm blooded and 
cold blooded animals (Dubey et aI., 1989; Odening, 1998; Abdel-
Ghaffar and AI-Johany, 2002; Dubey et aI., 2010). So far, 3 
Sarcocystis spp, have been described from gekkonid lizards 
(Table I). Here we report a new species of Sarcocystis from the 
gecko Bunopus tuberculatus in Saudi Arabia, 
MATERIALS AND METHODS 
In October 2011, tail muscles of 30 adult Blanford's rock geckoes in 
Riyadh, Saudi Arabia, were examined grossly for sarcocysts. Highly 
infected animals were killed and necropsied. For light microscopy, infected 
muscle samples were fixed in 10% neutral buffered formalin. The fixed 
tissues were then processed for histological examination after being 
sectioned and stained with hematoxylin and eosin (H&E). For electron 
microscopy, the infected muscle samples were immediately fixed in 3% 
glutaraldehyde in a 0.1 M cacodylate buffer (pH 7.3) for 24 hr, washed in 
the same buffer, post-fixed in 2% Os04 using the same buffer, and then 
embedded in an araldite embedding medium, Semi-thin sections were cut 
with Leica ultracut UC7 and stained with toluidine blue for light 
microscopic examination. Ultra-thin sections were stained with uranyl 
acetate and lead citrate and examined with a JEOL-JSM-1011 electron 
microscope at 80 kV. All measurements are reported in !lm unless 
designated otherwise, 
RESULTS 
DESCRIPTION 
Sarcocystis bunopusi n. sp. 
(Figs, 1-6) 
Diagnosis: Sarcocysts microscopic, 42-45 long, and 22-25 wide 
(Figs. I, 2) exclusively within skeletal muscles of tail and fore and 
hind limbs (Figs, I, 2). Using light microscopy, unfixed cysts 
limited by thin wall (Fig, I). In H&E-stained sections, cyst wall 
3-5 thick (Fig. 2). Via transmission electron microscopy, para-
sitophorous vacuolar membrane (PVM) 100 nm long and 50 nm 
wide and exhibited osmiophilic, knob-like villar protrusions (VP) 
(Fig, 5). VP located at regular distances, creating granulated 
appearance to cyst wall at lower magnifications (Figs. 3-5), 
Between these VP, PVM thin and smooth (Fig. 5), A zone of 
ground substance (GS) about 100 nm thick present beneath PVM. 
GS electron dense, with granules (Fig. 5) extending into interior 
of sarcocyst as septa (Fig. 4), A few metrocytes and cyst 
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merozoites present at cyst periphery (Fig, 3). Bradyzoites 
numerous, slender in shape and up to 5-7 in length and \.5-2 
in width (Fig. 6). Bradyzoites with organelles as described for 
genus, including conoid, rhoptries with long neck and bulbous 
end, dense bodies, amylopectin, subterminal nucleus, and 
numerous micronemes arranged haphazardly, 
Taxonomic summary 
Type host: Bunopus tuberculatus Blanford, 1874. 
Other hosts: Unknown. 
Prevalence: Three of 30 (10%) geckoes were infected with 
sarcocysts, 
Type locality: Riyadh City, Saudi Arabia. 
Type material: Phototypes are deposited in the Museum 
Zoology Department, College of Science, King Saud University, 
Riyadh City, Saudi Arabia. Also, I glass slide with histological 
sections stained with H&E (syntype specimens) was deposited in 
the Museum of the Zoology Department, College of Science, 
King Saud University, Riyadh City, Saudi Arabia, with registra-
tion no, Sarco-27-2012. 
REMARKS 
Sarcocysts in the present study are structurally distinct from the 
3 species of Sarcocystis that have hitherto been described from 
gekkonid lizards (Table I). Sarcocystis platydactyli forms macro-
scopically visible sarcocysts with an average size of 2,000 X 400, 
Their primary cyst wall is 12 to 15 thick, occasionally up to 20, 
and appears striated. Sarcocystis stenodactylicolubris, meanwhile, 
have transparent and barely visible sarcocysts 175-200 X 35-50 in 
size. Ultrastructurally, the primary cyst wall of Sarcocystis 
stenodactylicolubris is characterized by spine-like villar protru-
sions up to 800 nm long, 200-250 nm in diameter at their base, 
but tapering to a thinner apex. Protrusions appear typically 
lobular or irregular in cross section. Finally, Sarcocystis turcicii 
form microscopically visible cysts reaching a mean size of 720 X 
80. Their primary cyst walls possess a serrated structure and form 
long, unbranched, non-stalked, and villus-like protrusions run-
ning at irregular distances parallel to the sarcocysts' surface. 
The structure of the sarcocyst wall is considered a valid feature 
for differentiating species of Sarcocystis (Mehlhorn and Heydorn, 
1978; Matuschka and Mehlhorn, 1984; Mehlhorn and Ma-
tuschka, 1986; Dubey et aI., 1989; Abdel-Ghaffar et aI., 1990, 
2009; Odening, 1998). Using this criterion, the new species is 
distinct from other Sarcocystis species. 
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FIGURES 1-6. Sarcocystis bunopus; infecting skeletal myoctes of the rock gecko Bunopus tuberculatus in Saudi Arabia. (1) Light photomicrograph of 
unstained, unfixed sarcocyst. Note the thin cyst wall (CW). Scale bar = 10 ~m. (2) Histological section of a cyst (Cy) within muscle fibers (MF) and 
limited by cyst wall (CW). H&E stain. Scale bar = 10 ~m. (3, 4) Transmission electron micrograph of a cross section through a cyst. Note the 
parasitophorous vacuolar membrane (PVM) under which a zone of ground substance is situated (GS) that extends inside the cyst to form septa-like 
structures (S), and, below, metrocytes (M), cyst merozoites (CM), and merozoites (Me) with some structures like rhoptries (Rp) and micronemes (Mn). 
Scale bar = 0.5 ~m. (5) Magnified transmission electron micrograph showing the fine structure of the primary cyst wall as a thin membrane (arrows) with 
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TABLE I. Comparison of structural measurements of sarcocysts of Sarcocystis spp. found in the muscles of hosts from the family Gekkonidae. 
Sarcocyst (flm) Bradyzoite (flm) Sarcocyst wall protrusion/villi 
Species Host Length Width Length Width Length Width Description 
Sarcocystis platydactyli Tarentola 2,000 400 
Bertram, 1892 mauritanica 
(Matuschka 1987) 
Sarcocystis Ptyodactylus 175-200 35-50 
stenodactylicolubris guttatus 
Modry et al. (2000) 
Sarcocystis turcicii Abdel- Hemidactylus 720 80 
Ghaffar et al. (2009) turcicus 
Sarcocystis bunopusi Bunopus 42-45 22-25 
(present study) tuberculatus 
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(N), and nucleolus (Nu). Scale bar = 0.5 flm. 
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A RETROSPECTIVE STUDY OF ABATTOIR CONDEMNATION DUE TO PARASITIC 
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ABSTRACT: A 5-yr retrospective study in livestock slaughtered in abattoirs was carried out in Khuzestan Province (southwestern Iran) 
to determine the prevalence of parasitic infections responsible for condemnation of slaughtered animals' carcasses and viscera, The 
economic importance of such infections in terms of lost meat and offal were also estimated, Between 20 March 2006 and 19 March 
2011, 125,593 cattle, 1,191,871 sheep, 240,221 goats, and 25,010 buffalos were slaughtered in the study area; the livers of 58,753 (3,7%; 
95% confidence interval [CI]: 3,7-3,8%), the lungs of 34,522 (2,2%; 95% CI: 2.1-2.2%), and the carcasses of 78 (0,0049% 95% CI: 
0.0048-0.0049%) of these animals were condemned. Proportions ofiiver, lung, and carcass condemnations during the 5-yr study period 
in buffalos were significantly greater than the other species (P < 0.001). Frequency of liver condemnation during the 5-yr period for 
cattle was greater than sheep and goats (P < 0.001), but condemnation ofiungs in goat was significantly greater than sheep and cattle 
(P < 0.001). The parasitic lesions observed in the condemned livers were attributed to Echinococcus granulosus, Fasciola hepatica, or 
Dicrocoelium dendriticum, or some combination of these species. All the parasitic lesions observed in the condemned lungs from cattle, 
sheep, goats, and buffalos are ascribed to E. granulosus. Sarcocystis spp. cysts were found in ovine and buffalo muscles, whereas Taenia 
sp. cysticerci were detected in bovine muscle. Muscles of goats were devoid of any parasitic lesions. Parasites were responsible for 
54.1 % of the condemned organs or carcasses, with a retail value (based on market prices in 2011) of $1,148,181 (U.S.) ($137,880 for 
cattle, $602,699 for sheep, $280,955 for goats, and $126,647 for buffalos). The parasites contributing most to the condemnation of 
otherwise marketable organs and flesh were E. granulosus (29.2%) and F. hepatica (18.6%). These parasites clearly remain the most 
common, causing considerable economic loss in Khuzestan Province and, presumably, other areas of Iran. 
Parasitic diseases are considered as a major obstacle in the 
health and food safety with animal origin and cause economic loss 
in countries where livestock industry is an important segment of 
the agricultural products. Considering the economic significance 
resulting from parasitic diseases in Iran, financial losses were 
estimated at various levels in different locations. Hence, it would 
be essential to have information on the status of parasitic diseases 
with regard to its magnitude of occurrence and negative economic 
impact from different parts of the country to establish appro-
priate strategy for prevention and control. Yet, information 
regarding financial loss due to parasite-related condemnation of 
offal and meat is very limited in Khuzestan Province, which is an 
important livestock production area located in southwestern Iran. 
Therefore, the objectives of the current study were to deter-
mine the prevalence of parasitic infections responsible for the 
condemnation of carcasses and viscera during meat inspection, 
and their economic impact in this region. 
MATERIALS AND METHODS 
This study was based on a retrospective survey covering a 5-yr period 
(20 March 2006-19 March 2011) in an abattoir in Ahwaz, capital of 
Khuzestan Province. The study area has great potential for agricultural 
expansion because of large water reservoirs associated with the Karoun 
and Karkheh Rivers. In 2011, livestock populations included approxi-
mately 2,661,000 sheep, 1,369,000 goats, 399,000 cattle, and 102,000 
buffalos (www.ivo.org.ir). Ahwaz has a semiarid climate with long, 
extremely hot summers and mild, short winters. The average annual 
rainfall in this area is about 230 mm and air temperature ranges between 4 
and 50 C in cold and warm seasons, respectively. 
Meat inspection records of an abattoir were provided by an experienced 
team of veterinarians. The number and type of organs or condemned 
carcasses, and the reason for each condemnation were recorded daily on 
standardized data sheets. For the present study, the condemnation data 
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were gathered on a yearly (March-March) basis. In April 2011, with the 
use of information from meat markets in the study area, the average 
monetary values of sheep, goat, cattle or buffalo carcasses were $725, 
$725, $1,100 and $1,100 (U.S.), respectively. The prices of sheep, goat, 
cattle, and buffalo livers were $18, $18, $13.6, and $13.6 (U.S.), re-
spectively. The lungs of sheep, goats, cattle, and buffalos were priced at 
$2.7, $2.7, $0.9, and $0.9 (U.S.), respectively. These commercial values 
were then used to estimate the economic loss represented by the parasite-
related condemnations over a 5-yr study period. 
For data analysis, version 16 of the SPSS software package (SPSS Inc., 
Chicago, Illinois) was used. Proportion of organ and carcass condemna-
tions between, and within, species was compared with the use of a chi-
square test. Annual trends in risks ofiiver, lung, and carcass condemnations 
across the 5-yr period were calculated (Armitage et aI., 2002) for each host 
and parasite separately. P :5 0.05 were considered as statistically significant. 
RESULTS 
Between 20 March 2006 and 19 of March 2011, 125,593 cattle, 
1,191,871 sheep, 240,221 goats, and 25,010 buffalos were 
slaughtered. The livers of 58,753 (3.71%; 95% CI: 3.68-3.74%), 
the lungs of 34,522 (2.18%; 95% CI: 2.16-2.20%), and the 
carcasses of 78 (0.0049%; 95% CI: 0.00488-0.00491%) animals 
were judged unfit for human consumption. 
After inspection of bovine carcass offal, 7.9% of livers, 3.4% of 
lungs, and 0.01 % of carcasses were condemned due to parasite 
infection. The corresponding values were 2.5%, l.5%, and 0.001 % 
for sheep, 6.1 %, 3.8%, and 0 for goats, and 15.0%, 10.8%, and 
0.3% for buffalos (Fig. 1). Proportions ofliver, lung, and carcass 
condemnations during the 5-yr study period in buffalos were 
significantly greater than other species (P < 0.001). Frequency of 
liver condemnation during the 5-yr period for cattle was greater 
than sheep and goat (P < 0.001), and lung condemnation in goats 
was significantly greater than sheep and cattle (P < 0.001). For all 
species, the proportion of liver condemnation was greater than 
those of lung and carcass condemnation (P < 0.001). 
Livers 
The parasitic lesions observed in the livers of the slaughtered 
cattle, sheep, and goats were caused by 3 species of parasites, i.e., 
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FIGURE 1. Proportion of liver, lung and carcass condemnation in 
Ahvaz abattoirs from 2006-2011. 
Fasciola hepatica (adults), Echinococcus granulosus (hydatid 
cysts), and Dicrocoelium dendriticum (adults). Of the cattle livers 
inspected over the entire study period, 5.3% were condemned 
because they harbored F. hepatica. Percentages for sheep, goats, 
and buffalos were 0.9, 2.3, and 10.4%, respectively. The 
proportion of liver condemnation due to fascioliasis in buffalos 
was significantly greater than cattle, sheep, and goats. Also, 
condemnation for cattle was significantly greater than for sheep 
and goats (P < 0.001). The annual prevalence for these parasitic 
infections in the study period is shown in Figure 2A. The overall 
trends were significant for cattle, sheep, and buffalos (P < 0.001). 
The proportions of condemned liver due to hydatid disease in 
cattle, sheep, goats, and buffalos during the study period were 
2.4, 1.4, 3.2, and 4.3%, respectively. The proportion of liver 
condemnation because of hydatid cysts in buffalos was signifi-
cantly greater than cattle, sheep, and goats. In addition, this value 
for goats was significantly greater than for sheep and cattle (P < 
0.001). The annual trends for these parasitic infections in the 5-yr 
period are shown in Figure 2B. The overall trends were significant 
for all species (P < 0.01). Percentage of liver infections with D. 
dendriticum in cattle, sheep, goats, and buffalos was 0.2, 0.2, 0.3, 
and 0.2%, respectively. The proportion ofliver condemnation due 
to hydatid disease in goats was significantly greater than cattle, 
sheep, and buffaloes; its prevalence in cattle and buffaloes were 
significantly greater than for sheep (P < 0.001). The overall trends 
were significant for all species (Fig. 2C; P < 0.001). 
Lungs 
The presence of hydatid cysts in lungs convinced the meat 
inspectors to reject 3.8, 1.6, 3.6, and 10.8% of cattle, sheep, goats, 
and buffaloes, respectively. The proportion of lung condemnation 
due to hydatid disease in buffalos was significantly greater than 
goat, sheep, and cattle; the rejection of cattle lungs was significantly 
greater than for sheep and goats (P < 0.01). The annual trends for 
these parasitic infections in the 5-yr period are shown in Figure 3. 
The overall trends were significant for all species (P < 0.001). 
Carcasses 
Each time a carcass of sheep, cattle, or buffalo was rejected, it 
was because of parasitic infection. Over the entire survey period, 
10 (0.01%) of the inspected cattle carcasses and 9 (0.04%) of 
the inspected buffalo carcasses were condemned because of the 
presence of Taenia sp. cysticerci in the muscles. One of the 
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inspected sheep carcasses and 58 of the inspected buffalos 
carcasses were rejected because Sarcocystis sp. cysts were found 
in the muscles. 
Economic losses 
The total value of the meat and offal lost because of parasite-
related condemnation in the study district over the 5-yr study 
period was estimated to be $1,148,181 (U.S.) (based on market 
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FIGURE 3. Annual trend oflung condemnation because of hydatid cyst 
infection in Ahvaz abattoirs from 2006-2011. 
prices in 2011). Of this total, $137,880 was associated with 
the condemned cattle carcasses and viscera, $602,699 with 
the condemned sheep carcasses and viscera, $280,955.00 with 
condemned goat carcasses and viscera, and $126,647 with the 
condemned buffalo viscera only. 
DISCUSSION 
This survey illustrated the usefulness of meat inspection records 
in monitoring disease conditions and demonstrated possible 
annual trends. However, it must be remembered that the actual 
prevalence of the infection in slaughtered animals may be 
underestimated due to potentially inadequate meat inspection, 
rapid slaughter rates, and substandard training of inspectors. The 
present results, which provide useful baseline data for any future 
attempt at controlling the parasites involved, indicate that, in 
Khuzestan Province, several helminths (particularly E. granulo-
sus) cause considerable economic loss because infected organs and 
flesh must be condemned. 
The prevalence of E. granulosus infection recorded in the 
present study were, in general, lower than those reported from 
other regions of Iran (aryan et aI., 1994; Ansari-Lari, 2005; 
Arbabi and Hooshyar, 2006; Daryani et aI., 2007; Borji and 
Parandeh, 2010; Ahmadi and Meshkehkar, 2011; Borji et aI., 
2012) and its neighbor countries, i.e., Saudi Arabia (Ibrahim, 
2010), Iraq (Saeed et aI., 2000), and Jordan (Kamhawi et aI., 
1995). Interestingly, slaughtered goats were almost 3-fold more 
likely to possess hydatid cysts as compared to sheep, but this may 
be due to a difference in genotypes of E. granulosus that infect 
goats and sheep (Varcasia et aI., 2007). Moreover, the grazing 
behavior of goats is such that the roots of grass are grazed as well 
as the leaves, but sheep normally graze just the top parts of 
grasses. Although the prevalence of echinococciasis is known to 
be highly dependent on the age of the potential host (Torgerson et 
aI., 1998; Lahmar et aI., 1999), the abattoir records analyzed here 
did not include the age of the animals at slaughter. In Jordan, 
Torgerson et al. (1998) reported prevalence in 1-,2-, and 3-yr-old 
sheep of 27%,47%, and 62%, respectively, while the correspond-
ing prevalence in goats were 6%, 11%, and 16%, respectively. If 
the slaughtered animals are mainly young, the prevalence of 
infection at slaughter may, therefore, be an underestimation of the 
total burden (and threat to the local human population) posed by 
echinococciasis. In the present study, hydatid cysts were found in 
about 1-2% of the sheep livers, 2-5% of the goat livers, 1-2% of 
the sheep lungs, and 2-6% of the goat lungs, indicating relatively 
low infection levels . 
One of the most common causes of liver condemnation in 
the present study was the presence of trematodes, especially 
F. hepatica. In comparison to data from an earlier study conducted 
in Khorasan Province, northeast of Iran (Borji and Parandeh, 
2010), the prevalence of D. dendriticum infection detected in the 
livers of the cattle (0.2%), sheep (0.2%), goats (0.4%), and buffalos 
(0.2%) included in the present study were slightly lower, and the 
corresponding prevalences of F. hepatica infection were 5.3%, 
0.9%, 2.3%, and 10.2%, respectively, slightly higher. In Iraq, an 
abattoir-based survey in Basrah revealed hepatic fascioliasis in 
0.1% of cattle, 0.7% of sheep, and 3.3% of goats brought to 
slaughter (Mahdi and AI-Baldawi, 1987). In a later, but similar, 
study in Saudi Arabia, the corresponding prevalences were 1.2%, 
0.1 %, and 0%, respectively (Over et aI., 1992). 
It appears that F. hepatica in livestock kept n the Ahwaz area is 
more prevalent than those in the north of Khorasan, but the 
annual trends for this parasitic infection in the 5-yr period had 
decreased. The differences in the prevalence of F. hepatica 
between the present study and north of Khorasan may be 
associated with rainfall, humidity, temperature, and altitude 
differences in the 2 areas. The cause of high prevalence of F. 
hepatica in Ahwaz could be attributed to the higher humidity 
and temperature as compared to Khorasan. Although F. 
hepatica is widely distributed throughout the world, the extent 
of infection is particularly common in countries with temperate 
climates and in the highlands of tropical and subtropical 
countries. On the other hand, D. dendriticum is more prevalent 
in livestock in the north of Khorasan than those in Ahwaz. 
Conversely, prevalence of D. dendriticum infection in Ahwaz 
shows an opposite trend in that it has increased over the last 5 yr. 
This could be due to the intrinsic characteristic of D. dendriticum 
eggs being more resistant to drought conditions than those of F. 
hepatica (Taylor et aI., 2007). 
The parasitic lesions observed in ovine and buffalo muscles 
from Ahwaz were caused by Sarcocystis sp. cysts that were seen in 
low numbers of the slaughtered sheep and buffalos, whereas those 
observed in sheep meat north of Khorasan Province exhibited 
higher prevalence (Borji and Parandeh, 2010). No Sarcocystis 
cysts were detected in any of the slaughtered cattle, but this result 
is based only on macroscopic examinations by meat inspectors. 
Recently, Nourollahi Fard et al. (2009) examined 480 cattle from 
Kerman, in south-central Iran; although they did not detect 
Sarcocystis sp. cysts by initial gross examination in any of the 
animals, further investigation with the use of tissue digestion and 
microscopy revealed infection in all of the macroscopically clean 
animals. Prevalence of cattle cysticercosis in the present study 
(0.01 %) was lower than numbers reported in other regions ofIran 
(aryan et aI., 1994; Khaniki et aI., 2010), but higher than those 
reported from north of Khorasan Province (Borji and Parandeh, 
2010). 
There are indications that the prevalence of cysticercosis and 
sarcocystosis (detectable by macroscopic examination) in the 
cattle and sheep brought to abattoir in the study area have 
decreased over the last 5 or 6 yr. The elimination of stray dogs in 
the national antirabies program and an increasing awareness 
of consumers about disease risks may have led to these 
improvements. 
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In conclusion, in the present study area, parasites were found to 
be responsible for 54.4% of offal/carcass condemnations and an 
associated economic loss approaching $1.2 million. Current 
estimation of the economic loss caused by parasites here is a 
gross underestimate of the total financial loss as it does not 
consider premature deaths, body weight losses, and suboptimal 
milk and wool yields (Perry and Randolph, 1999). Thus, in spite 
of the fact that the losses resulted from parasite-related meat 
condemnation are probably too low to justify a region-wide 
campaign for the treatment of livestock with anthelmintics, public 
health considerations are foremost important and may be a 
rationale to deploy in an anthelmintic campaign. 
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PREVALENCE OF EIMERIA INFECTION IN YAKS ON THE QINGHAI-TIBET PLATEAU 
OF CHINA 
Hui Dong, Chunhua Li*, Qiping Zhao, Jing Lit, Hongyu Han, Lianlian Jiang, Shunhai Zhu, Ting Li, Chunlin Kong, 
Bing Huang:+:, and Jinzhong Cai*:+: 
Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Science, Key Laboratory of Animal Parasitology of Ministry of Agriculture, 
Shanghai, 200241, PR China. e-mail: hb@shvri.ac.cn 
ABSTRACT: Few data are available on the prevalence of Eimeria spp. in yaks. An observational study was conducted to determine the 
prevalence of coccidial infection in yaks on the Qinghai-Tibet Plateau of China. A total of 324 fecal samples from 4 counties was 
examined, and oocysts were identified to the species level on the basis of morphological features. Eimeria oocysts were found in 113 
(34.9%) samples. The species detected and their prevalence values included the following: Eimeria zuernii (54.9%), E. pellita (35.4%), E. 
canadensis (33.6%), E. bovis (23.0%), E. cylindrica (16.8%), E. subspherica (16.8%), E. ellipsoidalis (14.1%), E. brasiliensis (13.3%), E. 
wyomingensis (8.0%), E. alabamensis (7.1 %), E. illinoisensis (5.3%), E. auburnensis (4.4%), E. bombayansis (3.5%), and E. bukidnonensis 
(2.7%). Mixed infections of 2 to 7 species were found in 66.4% of the animals. There was an age-related difference in the prevalence of 
infection. The highest prevalence (53.3%) was observed in calves, an intermediate prevalence in yearlings (36.1%), and the lowest was 
in adults (15.6%). The number of oocysts per g of feces was significantly higher in calves than in adults. More Eimeria species were 
indentified in calves. Eimeria zuernii was the most prevalent species in calves and adults, whereas in yearling yaks E. pellita was most 
common. The majority of calves and yearlings showed mixed infection, but adults tended to be infected with I species. The prevalence 
and intensity of Eimeria species were found to show statistically significant differences among different regions in Qinghai Province. 
The yak (Bos grunniens) belongs to the bovid family and lives 
exclusively on the Qinghai-Tibetan Plateau, China, at a height of 
3,000 m above sea level. There are about 13 million domestic yaks 
in China, making up 90% of the world's yak population (Liu et 
al., 2008). Yaks are very important domesticated animals; they 
provide transportation, milk, skin, and meat for local residents 
(Tu et al., 2002). Coccidiosis, caused by eimerian species of 
protozoans, is one of the most common and important diseases of 
cattle worldwide. It usually affects cattle under 1 yr old but is seen 
occasionally in yearlings and even in adults, especially if massive 
infections are common (Soulsby, 1986). Infection with no clinical 
signs of disease is, however, also common. Sub-clinically infected 
animals appear to be normal outwardly, but they suffer from 
reduced feed consumption, feed conversion, and growth perfor-
mance, which can cause significant economic losses (Thomas, 
1994). To date, little information has been available on infection 
with coccidia in the yak. The aim of this study was to determine 
the prevalence of Eimeria spp. in yaks in Qinghai, China. 
MATERIALS AND METHODS 
Experimental sites and sample collection 
Fresh fecal samples were collected from November 2010 to January 
2011 from domesticated yaks in 4 counties of Qinghai Province: Qilian 
(37°25'N, 98°05'E), Dari (32°42'N, 98°15'E), Henan (300 04'N, 1000 53'E), 
and Yushu (32°41 'N, 95°41 'E), which is located in the northwestern part 
of China. The average altitude, annual temperature, and annual rainfall of 
the 4 counties range from 3,169 to 4,493 m, -0.9 to 5.2 C, and 406 to 
554 mm, respectively. The yaks had no history of clinical or sub-clinical 
coccidiosis, and no faecal samples had been examined for coccidia. 
Therefore, the yaks had not been treated with any anti-coccidial drugs. A 
total of 324 samples was used in the study, including those from animals of 
<I, 1-2, and >2 yr of age. Animals aged between I day and 1 yr were 
regarded as calves, those aged between I and 2 yr as yearlings, and those 
>2 yr old as adults. 
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Parasitological examination 
Oocysts were quantified by a modified McMaster technique with a 
minimum detection level of 80 oocysts per g feces (OPG). Five grams of 
feces were mixed thoroughly with 50 ml tap water and strained through a 
150-!!m mesh copper sieve. The filtrate was centrifuged at 3,000 g for 
5 min. The sediment was suspended with saturated sodium chloride 
solution, the volume set to 60 ml, and mixed thoroughly. Two McMaster 
chambers (2 X 0.15 ml) were filled for each sample, and parasite specimens 
were counted microscopically. The mean number of oocysts in the 2 
chambers was multiplied by the dilution factor (80) to obtain an estimate 
of the number of oocysts per g of feces. 
Species differentiation of Eimeria 
Positive samples were mixed thoroughly with 2.5% potassium dichro-
mate solution and passed through a 150-!J.ffi mesh copper sieve. The 
filtrate was poured into a Petri dish in a shallow layer and incubated in a 
wet chamber at 28-30 C for several days. After sporulation, the potassium 
dichromate fecal solution was centrifuged at 3,000 g for 5 min. The 
supernatant was discarded, and the sediment was decanted into a 25-ml 
round flask. The flask was filled with saturated sodium chloride solution 
until a meniscus formed and overlaid with a coverslip for 10 min. The 
coverslip was lifted carefully and placed on a microscope slide for 
microscopic examination. The coccidian oocysts on each coverslip were 
investigated using a Nikon Eclipse i-Series 50i trinocular research 
microscope at 400X and I,OOOX magnification. Oocyst identification 
was based on their size and morphological characteristics (shape, color, 
form index, presence or absence of micropyle and its cap, and presence or 
absence of residual, polar, and Stieda bodies) of the oocysts and 
sporocysts (Levine and Ivens, 1970; Pellerdy, 1974). 
Statistical analysis 
Statistical analysis of the prevalence of Eimeria was performed using 
SPSS 12.0 for Windows (SPSS Inc., Chicago, Illinois). Chi square analysis 
was used to investigate the differences in prevalence among different 
counties and age groups. 
RESULTS 
The prevalence of Eimeria species 
Of the 324 fecal samples investigated, 113 (34.9%) were positive for 
Eimeria spp. The prevalence of coccidian oocysts in the 4 localities 
ranged from 15.3% to 57.7% (Table I). The X2 test showed that there 
were statistically significant differences in the prevalence among 
different regions (P < 0.05). Higher prevalence was recorded in 
TABLE I. Prevalence and intensity of coccidial infection in yaks in 4 
administrative regions in Qinghai Province, China. 
Locality 
Animal samples/positive animals/ 
sample prevalence (%) 
Average oocysts per g 
of feces (range) 
Qilian 
Dari 
Henan 
Yushu 
Total 
71141157.7 
70/13/18.6 
85/13115.3 
98/46/46.9 
324/113/34.9 
• Column data show no significant difference (P > 0.05). 
122* (20-940) 
383* (20--3,160) 
205* (20--1,640) 
341 * (20--3,840) 
251 (20--3,840) 
TABLE II. Prevalence and intensity of coccidial infection in yaks of 
different age groups in Qinghai Province, China. 
Age group 
Calves «I yr) 
Yearlings «1-2 yr) 
Adults (>2 yr) 
Animal samples/ 
positive animals/ 
sample prevalence (%) 
107/57/53.3 
108/39/36.1 
109117/15.6 
• Column data show no significant difference (P > 0.05). 
t Column data show significant differences (P < 0.05). 
Average oocysts 
per g of 
feces (range) 
414t (20-3,840) 
107* (20-1,160) 
34t (20--200) 
Qilian (57.7%) and Yushu counties (46.9%) compared with Dari 
(18.6%) and Henan counties (15.3%). The prevalence varied 
significantly among the different age groups (Table II). Calves had 
significantly higher prevalence (53.3%, X2 = 6.404, P = 0.011) than 
yearlings (36.1 %), and the latter had significantly higher prevalence 
(X2 = 11.924, P = 0.0001) than adults (15.6%). 
The intensity of Eimeria infection 
The mean intensity of infection, estimated as OPG, was 251 
OPG in all positive samples. The mean OPG in the 4 localities 
ranged from 122 to 383. However, there were no statistically 
significant difference in OPG of positive. animals among the 
different regions (P > 0.05) (Table I). The oocyst count for the 3 
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age categories is shown in Table II. The OPG in calves ranged 
from 20 to 3,840 (mean = 414), whereas the OPG in the yearlings 
and adults ranged from 20-1,160 (mean = 107) and 20-200 (mean 
= 34), respectively. Analysis showed that there was a significant 
reduction in the OPG levels in adults infected with Eimeria when 
compared with calves (P < 0.05). 
Eimeria species 
In total, 14 different species of Eimeria were identified from the 
fecal samples collected from the 4 localities of Qinghai Province. The 
most prevalent species were E. zuernii (54.9%), E. pellita (35.4%), 
and E. canadensis (33.6%). The species detected and their prevalence 
in different regions of Qinghai Province were significantly different 
(Table III). Twelve species were found in Qilian County, and E. 
zuernii (56.1 %), E. pellita (34.1 %), and E. canadensis (34.1 %) were 
the most prevalent species here. Seven species were found in Dari 
County, with E. pel/ita (69.2%), E. canadensis (61.5%), and E. bovis 
(46.2%) the most prevalent. Six species were found in Henan 
County, and E. pellita (76.9%), E. zuernii (53.8%), and E. bovis 
(46.2%) were the most prevalent. Twelve species were found in 
Yushu County, and E. zuernii (63.0%) was the most prevalent. 
The species detected and their prevalence in the 3 age categories 
were significantly different (Table IV). Fourteen species were 
recognized in calves, and E. zuernii (59.5%), E. pellita (36.8%), 
and E. canadensis (36.8%) were the most prevalent. Twelve species 
were recognized in yearlings, of which E. pellita (48.7%), E. 
zuernii (35.9%), and E. bovis (33.3%) were the most prevalent. 
Seven species were recognized in adults, and E. zuernii (82.3%) 
was the most prevalent. 
Mixed infection of Eimeria species 
No more than 7 Eimeria spp. were found simultaneously in a 
single host. Of the positive animals, 66.4% carried 2 to 7 species. 
However, the number and frequency of multiple infections 
differed considerably among the different regions of Qinghai 
(Table V). The number of Eimeria spp. identified in Qilian, Dari, 
Henan, and Yushu was 7, 4, 5, and 5, respectively. Infection with 
2, or more, Eimeria species was detected in 68.3% of infected 
TABLE III. Percentage of Eimeria species in positive fecal samples in yaks in 4 administrative regions in Qinghai Province, China. 
Eimeria spp. 
zuernii 
pellita 
canadensis 
bovis 
cylindrica 
subspherica 
ellipsoidalis 
brasiliensis 
wyomingensis 
alabamensis 
illinoisensis 
auburnensis 
bombayansis 
bukidnonensis 
Qilian (n = 41) 
23/56.1 
14/34.1 
14/34.1 
2/4.8 
9/22.0 
7117.1 
9/22.0 
4/9.8 
5/12.2 
5/12.2 
2/4.9 
4/9.8 
• - Not observed in the present survey. 
Positive no'!prevalence (%)* 
Dari (n = 13) 
3/23.1 
9/69.2 
8/61.5 
6/46.2 
3/23.1 
117.7 
3/23.1 
Henan (n = 13) 
7/53.8 
10176.9 
2/15.4 
6/46.2 
3123.1 
2115.4 
Yushu (n = 46) 
29/63.0 
8117.4 
14/30.4 
12/26.1 
10/21.7 
12/26.1 
7/15.2 
5110.9 
4/8.7 
2/4.3 
4/8.7 
3/6.5 
Total (n = 113) 
62/54.9 
40/35.4 
38/33.6 
26/23.0 
19116.8 
19116.8 
16/14.2 
15/13.3 
9/8.0 
817.1 
6/5.3 
5/4.4 
4/3.5 
312.7 
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TABLE IV. Percentage of Eimeria species in positive fecal samples in yaks 
of different age groups in Qinghai Province, China. 
Positive no'!prevalence (%)* 
Calves Yearlings Adults 
Eimeria spp. (n = 57) (n = 39) (n = 17) 
zuernii 34/59.5 14/35.9 14/82.3 
canadensis 21/36.8 11/28.2 6/35.3 
pellita 21/36.8 19/48.7 6/35.3 
ellipsoidalis 14/24.6 2/5.1 
bovis 12/21.1 13/33.3 1/5.9 
subspherica 11119.3 8120.5 
cylindrica 8/14.0 5/12.8 6/35.3 
wyomingensis 8/14.0 1/2.6 1/5.9 
alabamensis 7112.3 1/2.6 
brasiliensis 6/10.5 9/23.1 
auburnens is 5/8.8 
bukidnonensis 3/5.3 
bombayansis 2/3.5 2/5.1 
illinoisensis 2/3.5 3/7.7 1/5.9 
* - Not observed in the present survey. 
animals in Qilian, 76.9% in Dari, 61.5% in Henan, and 63.0% in 
Yushu. 
Mixed infections were present in all age classes, but the 
frequency of multiple infections differed considerably among the 
age classes (Table VI). The number of Eimeria spp. involved in 
infection in calves, yearlings, and adults was 7, 5, and 2, 
respectively. Infection with 2, or more, Eimeria spp. was detected 
in 64.9% of calves, 64.2% of yearlings, and 41.2% of adults, 
DISCUSSION 
The occurrence and abundance of coccidian species in cattle 
have been well studied in various parts of the world. However, 
previous studies of bovine coccidiosis have focused mainly on 
dairy and beef cattle. Only few studies have been carried out on 
coccidiosis in yaks, Most of these studies were conducted in the 
Sichuan Province of China and have been published in Chinese. 
In the previous studies, the prevalence of Eimeria in yaks in 
Sichuan Province ranged from 30.0 to 76.2% (Table VII). In the 
present study, the prevalence and identity of the coccidia in yaks 
in Qianghai Province, which has the largest number of yaks in 
China, is reported for the first time. The results from the current 
study show that infections with coccidia in yaks are very common. 
TABLE VI. Number of coccidia species present in individual positive fecal 
samples in different age groups of yaks in Qinghai Province, China. 
Positive no. /prevalence (%)* 
No. of Calves Yearlings Adults 
Eimeria spp. (n = 57) (n = 39) (n = 17) 
20/35.1 14/35.8 10/58.8 
2 14/24.6 9/23.1 7/41.2 
3 6/10.5 8/20.5 
4 8/14.0 4/10.3 
5 5/8.8 4/10.3 
6 2/3.5 
7 2/3.5 
* - Not observed in the present survey. 
An overall prevalence of 34.0% was seen in Qinghai yaks, which 
was similar to that reported by He et al. (2009) and Jiang and Zhu 
(1987), but lower than the data reported by Jiang et al. (1989) and 
Wu et al. (1984). 
To date, 16 Eimeria species have been documented in cattle 
from China (Huang, 1992). Ten of these have been found in yaks: 
E. auburnensis, E. bovis, E. brasiliensis, E. canadensis, E. 
cylindrica, E. ellipsoidalis, E. pellita, E. subspherica, E. wyomin-
gensis, and E. zuernii (Table VII). In the present study, 14 
different Eimeria species were identified; E. alabamensis, E. 
illinoisensis, E. bombayansis, and E. bukidnonensis were found in 
yaks for the first time, with prevalence values of 7.1 %, 5.3%, 
3.5%, and 2.7%, respectively. Mixed infection with 2 to 7 species 
was common. 
Eimeria zuernii was the most prevalent species in yaks in Qinghai 
Province, occurring in 54.9% of the samples. This result was not in 
agreement with previous observations, Thus, He et al. (2009), Jiang 
and Zhu (1987), and Jiang et al. (1989) reported the most prevalent 
species in yaks in Sichuan Province were E. canadensis, E. 
cylindrical, and E. bovis, respectively. This is the first report of E. 
zuernii being the most prevalent species in yaks, Eimeria zuernii 
occurs worldwide and is 1 of the 2 most pathogenic coccidia species 
in cattle. However, all the yaks in this study appeared healthy, 
probably because the intensity of Eimeria spp. infection in yaks was 
very low (average OPG = 251), Horton-Smith (1958) reported that 
OPG values over 5,000 were generally associated with clinical cases 
of coccidiosis. Eimeria pellita (35.4%) and E. canadensis (33.6%) 
were the second and third most prevalent species in yak in the 
current study, which is also not in agreement with previous 
observations. Studies of beef and dairy cattle have shown that E. 
TABLE V. Number of coccidia species present in individual positive fecal samples from yaks in 4 administrative regions in Qinghai Province, China. 
No. of Positive no'!prevalence (%)* 
Eimeria spp. Qilian (n = 41) Dari (n = 13) Henan (n = 13) Yushu (n = 46) Total (n = 113) 
13/31.7 3/23.1 5/38.5 17/37.0 38/33.6 
2 11/26.7 117.6 5/38.5 12/26.1 29/25.7 
3 7/17.1 6/46.2 4/8.7 17/15.0 
4 4/9.8 3/23.1 2/15.3 8/17.4 17/15.0 
5 2/4.9 117.7 5/10.8 817.\ 
6 2/4.9 2/1.8 
7 2/4.9 2/1.8 
* - Not observed in the present survey. 
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TABLE VII. Prevalence of Eimeria infection in yaks in Sichuan Province, China. 
No. of species 
Counties Sample size Positive (%) Species identified * mixed (%)t Reference 
Hongyuan 63 48 (76.2%; calves Ez, Ecyl, Ebra, Wu et al., 1982 
77.4%, adults 70.0%) Eau, Ecan, Ep, Ew 
Hongyuan and 141 57 (40.4%; calves Ecan, Ez, Ecyl, 2-6 (26.3%) Jiang and Zhu, 1987 
Nuo'ergai 47.3%, adults 16.1%) Ebov, Ep, Eau, 
Ew, Es, Ebra, Ee 
Kangding 46 27 (58.7%; calves Ecyl, Ez, Ebov, 2-7 (55.5%) Jiang et aI., 1989 
73.3%, adults 31.3%) Ecan, Es, Ep, Eau, 
Kangding and 500 150 (30.0%; calves 44.8%, Ebov, Ecyl, Ez, Es, Ebra, 2-4 (58.7%) He et aI., 2009 
Seda adults 16.2%) Ecan, Ee, Ew, Eau 
* Species are listed in order of descending prevalence in yaks, except for the results of Wu et al. (1982), who did not study the prevalence of each Eimeria species. Eau = E. 
auburnensis; Ebov = E. bovis; Ebra = E. brasiliensis; Ecan = E. canadensis; Ecyl = E. cylindrica; Ee = E. ellipsoidalis; Ep = E. pellita; Es = E. subspherica; Ew = E. 
wyomingensis; Ez = E. zuernii. 
t - Not done. 
pellita and E. canadensis are not common species, and they were 
thought to have occurred accidentally. Klochiewicz et aI. (2007) 
showed that E. pellita and E. canadensis were found in only 3.3 and 
4.3% of infected calves, respectively, in Poland. Cornelissen et aI. 
(1995) reported that the prevalence of E. pellita and E. canadensis 
was 1.0 and 8.8%, respectively, in cattle housed on Dutch dairy 
farms. Many studies have inferred that E. bovis and E. ellipsoidalis 
are the most common bovine species worldwide (Jager et aI., 2005). 
However, in this study, only 23.0 and 14.2% of the yaks were 
infected with E. bovis and E. ellipsoidalis, respectively, making them 
the fourth and seventh most prevalent species in our study. These 
results show that the prevalence of Eimeria species in yaks appears 
to be different from that in other bovine species (for example, dairy 
and beef cattle). 
The prevalence of Eimeria species in yaks of different age groups 
was significantly different. The highest prevalence was found in 
calves and yearlings (53.3 and 36.1 %, respectively), with the lowest 
prevalence in adults (15.6%). Despite the overall low counts in our 
study animals, calves had higher oocyst outputs than adults. These 
results demonstrate that there is a clear, age-related decrease in 
Eimeria spp. infections in yaks. This observation is in agreement 
with previous studies conducted in yaks by He et aI. (2009), Jiang 
and Zhu (1987), Jiang et aI. (1989), and Wu et aI. (1984) and in 
dairy and beef cattle by Cornelissen et aI. (1995), Matjila and 
Penzhorn (2002), and Munyua and Ngotho (1990). More Eimeria 
species were found in calves and yearlings (14 and 12 species, 
respectively) than in adults (7 species). Eimeria zuernii was the most 
prevalent species in calves and adults (59.5 and 82.3%, respective-
ly), but E. pel/ita was the most prevalent species in yearlings 
(48.7%). The majority of calves and yearlings were infected with 
more than 1 species (64.9 and 64.2%, respectively), with 58.8% of 
adults infected with 1 Eimeria species. Calves are more susceptible 
to Eimeria spp. infection than adults because younger animals 
generally have low resistance/underdeveloped immunity to coccidia 
(Daugschies and Najdrowski, 2005). 
The prevalence and intensity of more or less pathogenic species 
of coccidian in yaks may vary considerably between regions in 
Qinghai Province. Qilian and Yushu had higher prevalence (57.7 
and 46.9%, respectively) than Dari and Henan (18.6 and 15.3%, 
respectively). Twelve Eimeria species were identified in Qilian and 
Yushu, but only 7 and 6 species were found in Dari and Henan, 
respectively. Eimeria zuernii was the most prevalent species in 
Qilian and Yushu (56.1 and 63.0%, respectively), but E. pellita was 
the most prevalent species in Dari and Henan (69.2 and 76.9%, 
respectively). Seven Eimeria species were found to be involved 
simultaneously in infection in Qilian, but only 4 in Dari. These 
results correspond with the findings obtained previously in 
coccidiosis in dairy or beef cattle. For instance, the prevalence 
varied among farms from 2 to 48%, 13 to 52%, and 4 to 80% in 
northern Germany, Tanzania, and Estonia, respectively (Chibunda 
et aI., 1997; Wacker et aI., 1999; Lassen et aI., 2009). Given that the 
climatic conditions in the 4 regions studied here, including rainfall, 
temperature, and humidity, are similar, we ascribe this finding to 
differences in hygiene and management procedures, the type of 
husbandry adopted (intensive, semi-intensive, or free range), and 
the density of animals. These results confirm those of Cicek et aI. 
(2007), Cornelissen et aI. (1995), and Matjila and Penzhorn (2002). 
We report for the first time the prevalence of Eimeria infection 
in yaks in Qinghai, China. The results of this study indicate that 
the prevalence of Eimeria species in yaks appears to be different 
from that in other bovine species. Further epizootiological studies 
are required to determine the economic significance, prevalence, 
species composition, ilnd biology of this parasite in a wider area, 
including Tibet. 
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PREVALENCE OF COCCIDIAL INFECTION IN DAIRY CATTLE IN SHANGHAI, CHINA 
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ABSTRACT: The prevalence of coccidial infections in dairy cattle was examined in Shanghai from November 2010 to March 2011. In 
total, 626 fecal samples from 24 dairy farms were examined; oocysts were identified to the species level based on morphological 
features. All herds were infected with Eimeria species. The overall prevalence of coccidia was 47.1 %, with the highest prevalence in 
<4-mo-old calves (51.8%) and the lowest in > 12-mo-old cattle (27.0%). The number of oocysts per gram of feces was significantly 
higher in young calves than in weaners and adults. Ten species of Eimeria were identified, among which Eimeria ellipsoidalis, Eimeria 
bovis, Eimeria zuernii, and Eimeria alabamensis were the predominant species. Concurrent infection with 2-8 species was common. 
Bovine coccidiosis is often caused by species of Eimeria and has 
a worldwide distribution (Soulsby, 1986). Eimeria spp. infections 
have been observed in almost all areas where cattle are raised and 
cause disease primarily in calves (Levine, 1973). In clinical cases, 
the disease may appear as diarrhea and anemia. Infection with no 
clinical signs of disease, however, is also common (Cornelissen 
et aI., 1995). The more chronic form of the disease causes less 
obvious signs, such as weight loss, reduced weight gain, and loss 
of appetite, resulting in potentially long-lasting effects (Niilo, 
1970). Coccidiosis is 1 of the 5 most economically important 
diseases in the cattle industry (Carlson et aI., 2011). Annual 
economic loss due to coccidiosis in cattle is estimated at 
approximately 400 million dollars (U.S.) (Matjila and Penzhorn, 
2002). 
In China, the first report of coccidiosis in dairy cattle occurred 
in 1950 (Luo and Zhu, 1950). Since then, bovine coccidiosis 
has been reported in a number of areas. The prevalence ranges 
from 9.5 to 66.3%, depending on the geographic area (Table I). 
However, there have been no studies of prevalence in Shanghai. 
Therefore, the objective of the present investigation was to assess 
the prevalence of Eimeria spp. infection and to identify the 
Eimeria species in dairy cattle in Shanghai. The results should 
provide a foundation for improved control of coccidia and 
coccidiosis in this region. 
MATERIALS AND METHODS 
Fecal sampling 
The present study was carried out from November 2010 to March 2011. 
In total, 626 animals were tested from 24 dairy farms in Shanghai. These 
cattle were housed in tie-stall barns bedded with straw, and left the barns 
daily and entered directly into outdoor exercise yards with common 
waterers. The choice of farms depended on the cooperation of the animal 
owners. Fecal samples were collected directly from the rectums of all 
animals with the use of plastic gloves, which were labeled with the name of 
the farm, age of animal, and an identification number. Animals aged 
between I day and 4 mo were regarded as calves; those between 4 and 
12 mo as weaners, and those> 12 mo as adults. 
Oocyst counting 
Fecal samples were examined and oocyst number was determined 
quantitatively by the modified McMaster method. Two grams of fecal 
material was mixed thoroughly with 30 ml of tap water and filtered 
through a 150-llm mesh copper sieve. The filtrate was centrifuged at 
3,000 g for 5 min. The sediment was suspended with saturated sodium 
Received 3 September 2011; revised 4 December 2011, 9 May 2012; 
accepted 16 May 2012. 
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chloride solution, with a final volume of 30 ml, and mixed completely. 
Two McMaster counting chambers (2 x 0.15 ml) were filled with the 
suspension and examined with the use of a light microscope after standing 
for 10 min. The mean number of oocysts in the 2 chambers was multiplied 
by the dilution factor (100) to obtain the number of oocysts per gram of 
feces (OPG). This method has a sensitivity of 100 oocysts per gram of 
feces. 
Species identification 
The remainder of each positive fecal sample was mixed thoroughly with 
tap water and passed through a 150-llm mesh copper sieve. The filtrate 
was centrifuged at 3,000 g for 5 min. The sediment was suspended with 2% 
potassium dichromate solution and incubated at room temperature for 
several days to allow oocysts to sporulate. For identification, a flotation of 
the sediment in saturated sodium chloride solution was performed. 
Identification was made with the use of light microscopy at X400 
magnification, according to the size, shape, and general morphology of the 
oocysts (Levine and Ivens, 1970; Pellerdy, 1974). 
Statistical analysis 
Differences in coccidial prevalence in different groups of cattle were 
evaluated with the use of a chi square test (SPSS 12.0 for Windows, SPSS 
Inc., Chicago, Illinois), and P < 0.05 were considered significant. 
RESULTS 
Of 626 samples investigated, 295 (47.l %) from all farms 
sampled were positive for Eimeria spp. (Table II). There was no 
statistical difference between sample prevalence in calves (51.8%) 
and weaners (46.4%) (P > 0.05). The sample prevalence in adults 
was 27.0%, which was significantly lower than prevalences in 
calves and weaners (P < 0.05). 
The mean OPG of feces was 3,181 ± 912. Young calves were 
excreting much higher numbers of oocysts than weaners and 
adults (P < 0.05). For instance, more than 4,000 OPG were 
observed in 67.1% of the calves compared to 17.9% and 5.9% in 
weaners and adults, respectively. The mean OPG of the calves was 
6,399 ± 1,647, whereas that of the weaners and adults was 
2,437 ± 578 and 706 ± 184, respectively. Analysis showed that 
there were statistically significant differences in the OPG levels 
among the different age groups (P < 0.05) (Table III). 
In total, 10 species of Eimeria were identified from the infected 
cattle. Of the 295 positive samples, Eimeria ellipsoidalis, Eimeria 
bovis, Eimeria zuernii, and Eimeria alabamensis were the most 
commOn species; the percentage of positive samples was 58.9%, 
53.6%, 40.0%, and 35.9%, respectively. Farms were infected 
most commonly with E. ellipsoidalis (95.8%), E. bovis (91.7%), 
E. zuernii (91.7%), and E. alabamensis (83.3%) (Table IV). 
Concurrent infections with more than 1 Eimeria species were 
common on all farms (Table V). Not more than 8 Eimeria spp. 
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TABLE I. The prevalence of Eimeria infection in cattle in the provinces of the People's Republic of China. 
Province 
Anhui 
Guangxi 
Guizhou 
Henan A 
Henan B 
Inner Mongolia 
Jiangsu 
Shaanxi 
Yunnan 
Fecal samples 
814 
644 
1,202 
503 
223 
3,000 
2,100 
48 
372 
Positive animals (prevalence, %) 
540 (66.3%, calves 80.0%, 
yearlings 82.9%, adults 48.8%) 
261 (40.5%, calves 73.7%, 
yearlings 65.8%, adults 18.4%) 
748 (62.2%, calves 72.1 %, 
yearlings 59.4%, adults 35.2%) 
110 (21.9%, calves 36.7%, 
yearlings 23.0%, adults 12.4%) 
66 (29.6%, calves 63.0%, 
yearlings 40.0%, adults 9.8%) 
286 (9.5%, calves 17.6%, 
yearlings 7.7%, adults 2.3%) 
704 (33.5%, calves 50.0%, 
yearlings 27.5%, adults 21.9%) 
22 (45.8%, calves 93.8%, 
yearlings 31.3%, adults 12.5%) 
186 (50.0%, calves 62.2%, adults 8.3%) 
Species identified (prevalence, %)* 
Ebov (43.5), Ez (38.9), Ee (33.1), 
Eau (32.3), Es (23.5), Ecan (22.9), 
Ecyl (20.9), Ew (18.6), Eal (15.9), 
Ebuk (10.4), Ep (0.9) 
Ebov (52.1), Ecyl (48.7), Ee (35.6), 
Es (35.6), Ez (28.0), Ep (10.7), Eau (6.5) 
Ebov (22.4), Ee (18.2), Ez (18.2), Ecan (9.6), 
Eal (9.4), Es (5.3), Ebra (4.7), Ew (2.0), 
Ecyl (0.3) 
Es (22.7), Ez (19.1), Ebov (17.3), Eal (16.4), 
Ee (14.6), Eau (11.8), Ebuk (10.9), 
Ecan (10.9), Ebra (10.0), Ep (7.3), Ecyl (6.4) 
Ee (33.7), Em (12.8), Eau (12.3), 
Ebom (10.6), Ecan (10.3), Ebov (8.7), 
Ez (3.4), Ebra (3.3), Ecyl (2.1), Eal (1.0), 
Ew (0.8), Es (0.7), Ei (0.3) 
Ebov (-), Ez (-) 
Ebov (39.7), Ez (30.2), Ee (21.2), Ecyl (4.4), 
Es (1.8), Eal (1.2), Ew (0.9), Eau (0.6) 
Es (30.5), Ebov (22.9), Ecyl (15.3), Ez (10.2), 
Eal (6.8), Ee (6.8), Ecan (5.1), Eau (2.6) 
Ebov (29.0), Ez (20.4), Eau (17.2), Ee (14.0), 
Ecan (10.5), Ecyl (9.1), Es (6.5), Eal (2.7), 
Ei (2.4), Ebra (1.3) 
References 
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• The species are listed in order of descending prevalence in cattle, except for the result of Zhang et al. (2008), who did not study the prevalence of each Eimeria species. 
Eal = Eimeria alabamensis, Eau = Eimeria auburnensis, Ebar = Eimeria bareillyi, Ebom = Eimeria bombayansis, Ebov = Eimeria bovis, Ebra = Eimeria brasiliensis, 
Ebuk = Eimeria bukidnonensis, Ecan = Eimeria canadensis, Ecyl = Eimeria cylindrical, Ee = Eimeria ellipsoidalis, Ei = Eimeria illinoisensis, Em = Eimeria mundaragi, 
Ep = Eimeria pellita, Es = Eimeria subspherica, Ew = Eimeria wyomingensis, Ez = Eimeria zuerni. The prevalence of each species was not calculated. 
were involved simultaneously in an infection; 97.0% of positive 
cattle carried 2 to 8 species. Mixed infections involving 3 to 5 
Eimeria species were observed in 80.4% of the positive samples. 
DISCUSSION 
Coccidian infection in cattle has been reported worldwide 
(Wacker et aI., 1999). The results of the present survey showed 
that animals shedding Eimeria spp. oocysts were very common on 
dairy farms in Shanghai. Eimerians were found on all farms 
examined and the overall prevalence of Eimeria infection was 
47.1 %. Our results are similar to prevalences reported in Guangxi, 
Yunnan, and Shaanxi Provinces of China, higher than those in 
Henan, Inner Mongolia and Jiangsu Provinces, and lower than 
reported in Guizhou and Anhui Provinces (Table I). Many 
factors may contribute to the different prevalences, including 
climatic conditions, farm practices, and cattle breeds (Niilo, 1970; 
Munyua and Ngotho, 1990). 
In the present study, an age-related difference in the prevalence 
of Eimeria spp. infection was observed. The lowest prevalence 
(27.0%) was seen in cattle >12 mo old. In contrast, cattle <4 mo 
and between 4 and 12 mo in age showed relatively higher 
prevalences compared to older animals (51.8% and 46.4%, 
respectively). This observation is in agreement with previous 
studies conducted in China (Table I), and in other countries by 
Munyua and Ngotho (1990), Cornelissen et aI. (1995), Matjila 
and Penzhorn (2002), Cicek et aI. (2007), and Rehman et aI. 
(2011). In contrast, a survey conducted in Tanzania showed that 
coccidial infections were more prevalent in weaners (4--18 mo) 
than in unweaned calves «4 mo) and adults (> 18 mo) (Chibunda 
et aI., 1997). 
In the current study, young animals were excreting the highest 
numbers of oocysts. The infection intensity of cattle <4 mo old 
was significantly higher (P < 0.05) than in 4--12 mo old, and the 
intensity in the latter was significantly higher (P < 0.05) than in 
> 12-mo-old cattle, which is consistent with previous observations 
TABLE II. Prevalence of coccidial oocysts in dairy cattle of different age groups in Shanghai, China. 
Age 
Calves «4 mo) 
Weaners (4-12 mo) 
Adults (>12 mo) 
Total 
Animal samples (n) 
311 
252 
63 
626 
Positive animals (n) 
161 
117 
17 
295 
Sample prevalence (%; 95% CI) 
51.8"; 47.4-56.2 
46.4"; 40.1-52.7 
27.0b; 18.1-35.9 
47.1; 43.3-50.9 
• Column data marked with the same superscript show no significant differences (P > 0.05); column data marked with the different superscripts show significant differences 
(P < 0.05). CI, confidence interval. 
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TABLE III. Prevalences of OPG categories and average OPG in various age groups of dairy cattle in Shanghai, China. 
Calves «4 mo) (n = 161) Weaners (4--12 mo) (n = 117) Adults (>12 mo) (n = 17) Total (n = 295) 
Range ofOPG No. % No. % No. % No. % 
100-1,000 11 6.8 27 23.1 9 52.9 47 15.9 
1,001-2,000 18 11.2 26 22.2 5 29.4 49 16.6 
2,001-4,000 24 14.9 43 36.8 2 11.8 69 23.5 
4,001-6,000 43 26.8 16 13.7 5.9 60 20.3 
>6,000 65 40.3 5 4.2 0 0 70 23.7 
Average OPG (±SD) 6,399a (± 1,647) 2,437b (±578) 706c (± 184) 3,181 (±912) 
* Different superscript letters with the same row show significant difference (P < 0.05). OPG, oocysts per gram of feces; SD, standard deviation. 
TABLE IV. The prevalence of Eimeria spp. on examined farms (n = 24) or in infected cattle (n = 295) in Shanghai, China. 
Eimeria spp. No. of positive farms % of positive farms No. of positive samples % of positive samples 
Eimeria ellipsoidallis 23 95.8 174 58.9 
Eimeria bovis 22 91.7 158 53.6 
Eimeria zuernii 22 91.7 118 40.0 
Eimeria alabamensis 20 83.3 106 35.9 
Eimeria auburnensis 8 33.3 71 24.1 
Eimeria cylindrica 15 62.5 50 16.9 
Eimeria. subspherica 8 33.3 27 9.2 
Eimeria pellita 6 25.0 21 7.1 
Eimeria wyomingensis 7 29.2 18 6.1 
Eimeria brasiliensis 5 20.8 6 2.0 
(Munyua and Ngotho, 1990; Cornelissen et aI., 1995; Matjila and 
Penzhorn, 2002). Calves are more susceptible to Eimeria spp. 
infection than adults because younger animals generally have low 
resistance/underdeveloped immunity to coccidia (Daugschies and 
Najdrowski, 2005). 
To date, 21 species of Eimeria have been documented in cattle 
(Farkas et aI., 2007). Sixteen Eimeria species have been reported 
to infect cattle in China (Huang, 1992). Table I lists the 
prevalence of various Eimeria species observed in cattle in other 
surveys conducted in China. These data indicate that the 
prevalence of Eimeria spp. infection varies dramatically between 
farms, regions, and age groups. In the present study, 10 species of 
Eimeria were identified. The absence of other Eimeria spp. in the 
present investigation might have resulted from the low prevalence 
of these species in this area. The species found most commonly 
were E. ellipsoidalis, E. bovis, E. zuernii, and E. alabamensis. This 
observation was in agreement with the finding that E. bovis, 
E. ellipsoidalis, and E. zuernii are the most common species 
worldwide (Jager et aI., 2005). However, 1 difference from 
TABLE V. The number of Eimeria spp. in individual positive fecal sample 
of cattle (n = 295) in Shanghai, China. 
No. of Eimeria spp. 
1 
2 
3 
4 
5 
6 
7 
8 
% of positive samples 
3.0 
8.1 
37.3 
28.5 
14.6 
5.1 
2.0 
1.4 
previous investigations is that E. alabamensis was found 
commonly in the present study; previous observations showed 
that E. alabamensis was present only during the early grazing 
period (Svensson, 2000). 
Many studies have indicated that, under natural conditions, 
mixed-species infections are much more common than single-
species infections (Nyberg et aI., 1967; Grisi and Todd, 1978; 
Chibunda et aI., 1997). In the present study, mixed infections in 
single calves with several Eimeria spp. were commonly observed. 
Mixed infections caused by 3-5 species were found in 80.4% of 
cases and the number of Eimeria species per sample examined in 
mixed infections ranged from 2 to 8. 
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GENETIC SEQUENCE DATA IDENTIFIES THE CERCARIA OF DREPANOCEPHALUS 
SPATHANS (DIGENEA: ECHINOSTOMATIDAE), A PARASITE OF THE DOUBLE-CRESTED 
CORMORANT (PHALACROCORAX A URI TUS) , WITH NOTES ON ITS PATHOLOGY IN 
JUVENILE CHANNEL CATFISH (/CTALURUS PUNCTATUS) 
Matt J. Griffin, Lester H. Khoo, Sylvie M. Quiniou*, Mary M. O'Heart, Linda M. Potet, Terrence E. Greenway, and David J. 
Wise 
Thad Cochran National Warmwater Aquaculture Center, Delta Research and Extension Center, Mississippi State University, Stoneville, Mississippi 
38776, e-mail: griffin@cvm,msstate,edu 
ABSTRACT: An unidentified xiphidio-type cercaria, previously thought inconsequential to catfish health, was found to be released 
from marsh rams-horn snails (Planorbella trivolvis) inhabiting ponds on a commercial catfish operation in the Mississippi Delta, A 
preliminary challenge of cohabiting channel catfish (Ictalurus punctatus) with snails actively shedding the unidentified cercariae 
resulted in death of some fish, A second cohabitation trial yielded similar results, as did a third challenge of 250 cercariae/fish, 
Histopathology revealed developing metacercariae concentrated in the cranial region, especially within the branchial chamber, with 
several metacercariae at the base of the branchial arches within, or adjacent to, blood vessels, possibly the proximate cause of death. 
Genetic sequence analysis of the l8S small subunit ribosomal DNA (ssDNA), 28S large subunit rDNA (lsDNA), and cytochrome 
oxidase (Coxl) genes all matched the cercariae to Drepanocephalus spathans (Digenea: Echinostomatidae), a parasite of the double-
crested cormorant (Phalacrocorax auritus), a piscivorous bird endemic on most catfish farms. This is the first commentary regarding 
pathology of D. spathans in juvenile channel catfish as well as the first report of the marsh rams-horn snail as an intermediate host in 
the D. spathans life cycle. The data presented here suggest this parasite could have limiting effects on catfish production, further 
supporting the need for adequate snail control programs to reduce trematode prevalence on commercial catfish operations. 
Digenetic trematodes have been implicated in significant losses 
by commercial catfish aquaculture since the discovery of 
Bolbophorus damnificus (Digenea: Bolbophoridae) in the late 
1990s (Levy et aI., 2002; Overstreet et aI., 2002; Terhune et aI., 
2002). Recent economic analysis has demonstrated that even low 
infection prevalence in resident fish populations can have 
deleterious effects on the profitability of commercial operations 
because of inappetance and mortality (Wise et aI., 2008), Federal 
protection of the avian host American white pelican (A WP; 
Pelecanus erythrorhynchos) prevents terminal bird control mea-
sures from being applied. In addition, A WP feeds both diurnally 
and nocturnally (McMahon and Evans, 1992a, 1 992b), thereby 
limiting the success of non-terminal bird harassment programs 
because producers are often unaware of nocturnal foraging. As 
such, considerable research efforts have concentrated on breaking 
the parasite life cycle by eradication of the. snail host, the marsh 
rams-hom snail (Planorbella trivolvis; Mitchell, 2002; Mitchell 
and Hobbs, 2003; Mischke et aI., 2005; Wise et aI., 2006; Mitchell 
et aI., 2007). 
The rams-hom snail is ubiquitous on commercial catfish ponds 
and can serve as an intermediate host for many digenetic 
trematodes, including several that infect channel catfish (Ictalurus 
punctatus; Mitchell, 2002; Flowers et aI., 2005; Klockars et aI., 
2007; Mitchell et aI., 2007; Peterson, 2007; Griggs and Belden, 
2008). In addition, piscivorous birds are endemic on commercial 
catfish operations, providing optimal conditions for the propa-
gation of digenetic life cycles, several of which have not been 
elucidated. 
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In summer 2010, ancillary to another study involving B. 
damnificus, rams-hom snails were collected from a commercial 
operation and examined for the release of cercariae. Many snails 
were found to be releasing an unidentified xiphidio-type cercaria, 
previously thought inconsequential to catfish health. Challenge 
studies were conducted using cohabitation with snails actively 
shedding this unidentified cercaria to determine whether channel 
catfish were susceptible to infection. Follow-up challenges used 
enumerated cercariae to confirm initial findings and to evaluate 
the pathogenic effects of this cercaria on juvenile channel catfish, 
These investigations were followed by a detailed morphological 
description of the cercaria using Nomarski interference contrast 
microscopy, Molecular characterization of the I8S small subunit 
ribosomal DNA (ssDNA), 28S large subunit rDNA (lsDNA), and 
cytochrome oxidase (Coxl) genes was performed in an attempt to 
match this parasite to an adult trematode and identify the 
definitive host. 
MATERIALS AND METHODS 
Cercariae collection and identification 
Marsh rams-horn snails (n = 500) were collected from a commercial 
catfish operation in Humphreys County, Mississippi. Snails were rinsed 
and placed in individual glass scintillation vials with 10 ml of autoclaved 
pond water that had been passed through a 20-~ nylon mesh screen. The 
snails were maintained at 27 C for 24 hr and then examined 
microscopically for the release of cercariae. The cercariae were identified 
using published morphological descriptions and dichotomous keys (Schell, 
1985; Flowers et aI., 2005; Roberts and Janovy, 2005). Many snails were 
found to be shedding a previously unidentified cerceriae. Images of this 
unidentified cercaria were captured using a Spot Insight QE camera and 
analyzed using Spot Basic 3.1 Image analysis software (Diagnostic 
Instruments, Sterling Heights, Michigan). Measurements of key morpho-
logical features of the unidentified cercaria were determined from 7 
individual specimens. 
Cohabitation trials 
Fish were maintained in 1 L of autoclaved pond water under static 
conditions with constant aeration for 7 days. At the end of each trial, 
surviving fish were killed with an overdose of tricaine methanesulfonate 
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TABLE I. Primer sequences used for sequencing of 18S SSU rDNA (ssDNA), cytochrome oxidase I (Coxl), and 28S LSU rDNA (lsDNA) genes. 
Primer 
Barker I 
Barker 2 
Barker 3 
Barker 4 
JB3 
JB13 
LSU5 
1500R 
Sequence (5' -3') 
CCAACCTGGTTGATCCTGCCAGT 
AACGGCCATGCACCACCC 
TTAGAGTGTTCAAAGCAG 
GATCCTTCTGCAGGTTCACCTAC 
TTTTTTGGGCATCCTGAGGTTTAT 
TCATGAAAACACCTTAATACC 
TAGGTCGACCCGCTGAAYTTAAGCA 
GCTATCCTGAGGGAAACTTCG 
(MS-222; Western Chemical, Ferndale, Washington) and submitted to the 
Aquatic Research & Diagnostic Laboratory of the National Warmwater 
Aquaculture Center in Stoneville, Mississippi (ARDL), for histological 
analysis. 
In the first cohabitation trial I (CH I), 2 snails actively shedding the 
unidentified cercariae were placed in a single container housing 5 juvenile 
(2.5-3 cm) channel catfish and I L of autoclaved pond water. A second 
container served as a parasite-free control containing 5 catfish and 2 snails 
that were not actively shedding cercariae. In a second cohabitation trial 
(CH2), catfish were placed in each of 6 containers (5 fish!container). Three 
containers received actively shedding snails (2 snails/container) and 3 
containers received non-shedding snails (2 snails/container). 
Enumerated cercaria challenge 
Juvenile channel catfish were placed in each of 6 containers (5 fish! 
container) filled with I L of autoclaved pond water. The unidentified 
cercariae were collected from actively shedding snails, enumerated, and 
1,250 cercariae were added to each of 3 containers (250 cercariae/fish). No 
cercariae were added to the remaining 3 containers. Fish were maintained 
under constant aeration for 7 days, and surviving fish were submitted to 
the ARDL for histological analysis. 
Sample material, DNA isolation, and sequencing 
Pools of the unknown cercariae (n = 3) were collected from the 
scintillation vials of snails used in cohabitation and enumeration 
challenges. After initial genetic analysis of the cercariae, genomic DNA 
also was obtained from 2 adult Drepanocephalus spathans (Digenea: 
Echinostomatidae), collected from double-crested cormorants (DCC; 
Phalacrocorax auritus) as part of a separate study (O'Hear, 2011). 
Genomic DNA was isolated from both cercariae and adult trematodes 
using the Puregene DNA isolation kit (QIAGEN, Valencia, California) 
following the manufacturer's suggested protocol for animal tissues. 
Polymerase chain reaction (PCR) amplifications (25 1-11) were performed 
using 131-11 ofiProof™ Taq polymerase (Bio-Rad Laboratories, Hercules, 
California), 20 pmol of each primer, 10 1-11 of genomic DNA extract, and 
nuclease-free water to volume by using the following thermocycling 
profile: 3-min denaturation at 98 C; 45 cycles of 10 sec at 98 C, 30 sec at 
55 C, 2 min at 72 C, and 7-min extension at 72 C. Near-complete ssDNA 
sequences (~2,000 base pairs [bpJ) were amplified using primers described 
by Barker et al. (1993). Barker I and Barker 2 amplified a fragment at the 
5' end of the ssDNA gene (~1,500 bp), whereas Barker 3 and Barker 4 
were used to amplify a fragment at the 3' end of the molecule (1,100 bp); 
these fragments overlapped. PCR amplicons were visualized after 
electrophoretic migration through a 1.5% agarose gel containing ethidium 
bromide and were either gel-excised or purified directly using QIAquiceM 
columns (QIAGEN). The purified products were either directly sequenced 
using the corresponding primers or cloned into a plasmid vector 
(pCR®4Blunt-TOPO®; Zero Blunt® TOPO® PCR cloning kit (Invitrogen, 
Carlsbad, California) for sequencing, and they were sequenced according 
to the manufacturer's instructions using primers provided with the kit as 
well as the primers used to create the amplicons. Purified PCR products or 
plasmid DNA was cycle-sequenced from both strands using ABI 
BigDye™ chemistry (Applied Biosystems, Foster City, California), 
alcohol-precipitated, and run on an ABI Prism 3730™ automated 
sequencer (Applied Biosystems). The IsDNA products were generated 
similarly using the LSU5 and 1500R primers described by Littlewood et al. 
Target Reference 
ssDNA Barker et al., 1993 
ssDNA Barker et al., 1993 
ssDNA Barker et al.,1993 
ssDNA Barker et al., 1993 
Coxl Bowles et al., 1995 
Coxl Morgan and Blair, 1998 
lsDNA Littlewood et al., 2000 
lsDNA Littlewood et al., 2000 
(2000). The Coxl products (~260 bp) were sequenced using primers JB3 
(Bowles et al., 1995) and JBI3 (Morgan and Blair, 1998). Primer sequences 
are presented in Table I. Reaction components and thermal cycling 
conditions were the same for all primers sets. Contiguous sequences were 
assembled using the corresponding chromatograms and the SeqMan™ 
utility of the Lasergene software package (DNAStar, Madison, Wiscon-
sin). Sequences for both the cercaria and the adult trematode were 
submitted to GenBank under accessions JN993271 (ssDNA; adult; 
O'Hear, 2011), JN993268 (ssDNA; cercaria), JN993269 (lsDNA; adult), 
JN993270 (lsDNA; cercaria), JN993266 (Coxl; adult), and JN993267 
(Coxl, cercaria). 
Histology 
All fish samples submitted for histopathology were initially fixed in 10% 
neutral buffered formalin for at least 24 hr. The fish were trimmed in ~5-
mm cross sections starting rostrally and moving caudally, with small 
adjustments to thickness to ensure all major organs were sampled. After 
the initial submission, thinner sections were made for the head region to 
ensure multiple sections through the branchial chamber, which seemed to 
be a predilection site for the metacercariae. These tissues were processed 
routinely, embedded in paraffin, sectioned at approximately 4 I-Im, stained 
with hematoxylin and eosin (H&E), and examined using light microscopy. 
Representative images were captured using a Spot Insight QE camera and 
analyzed using Spot Basic 3.1 Image analysis software (Diagnostic 
Instruments). 
RESULTS 
Snail collection and cercariae identification 
Four different cercaria morphotypes were identified micro-
scopically. They included both Bolbophorus-type cercariae (Flow-
ers et aI., 2005); the unidentified xiphidio-type cercariae; and an 
unidentified furcocercous cercaria, presumably a species of 
Clinostomum (Chung et aI., 1998). Cercariae of both Bolbophorus 
and Clinostomum species were encountered on occasion « I % of 
collected snails); however, a large number of snails (>20%) were 
shedding the unidentified xiphidio-type cercariae. 
Cercaria morphology 
The cercariae most closely resembled an echinostomatid 
xiphidiocercaria (Schell, 1985; Roberts and Janovy, 2005; 
Fig. I), with the acetabulum located mid ventrally, 47.2 11m 
(range, 41.6-54.8) from the posterior ridge of the body measuring 
42.9 11m in diameter (range, 35.0-50.9), surrounded by genital cell 
masses. The pyriform body was entirely anterior to the tail, 
246.3 I-Im long (range, 234.0-266.0) and measured 109.8 11m 
(range, 94.6-123.0) at its widest point. The tail is twice as long as 
the body, 555.6 11m (range, 490.0-600.0), and 59.8 11m in width 
(range, 53.8-67.6), also tapering to a point. A collar of spines is 
located along the margin of the head, arranged in a single 
FIGURE I. Cercaria of Drepanocepha/us spathans collected from 
Planorbella trivolvis harvested from a commercial catfish operation in 
Mississippi. Nomarski interference contrast. Black calibration bar, 
~lOO ~m; white bar, ~25 ~m . 
irregular series. The oral sucker contained a smaller collar of 
spines and measured 12.3 !lm (11.2- 13.4) in diameter. Pigmented 
eyespots were not observed. The cercariae swim in a circular 
motion, with the body contracted and slightly flexed as the tail 
whips rapidly from side to side. 
CH1 and CH2 
For CHI, 2 of the 5 catfish that cohabited with actively 
shedding snails died within 7 days. None of the controls died. 
Grossly, the surviving fish showed no signs of disease. Histolog-
ical analysis showed mUltiple encysted and developing metacer-
cariae, most of which were in the subdermal, or submucosal, 
tissues. Many of the metacercariae were found in, and around, the 
head, with the highest concentration within the branchial cavity, 
especially at the base of the gill arches (Fig. 2). Several of these 
metacercariae seemed to be within, or adjacent to, blood vessels. 
Metacercariae were also present in the oral cavity, esophagus, and 
periocular tissues, including a few within the bones of the 
cranium. A mild mononuclear inflammatory response was often, 
but not always, seen with these developing metacercariae. Most of 
the metacercariae seemed to be separated from the host tissue 
by a relatively thick eosinophilic cyst wall. No hemorrhage or 
congestion was evident at these sites of metacercariae develop-
ment. Also, no metacercariae were found posterior to the pelvic 
fins and observable microsopic lesions were limited to the sites of 
metacercariae encystment. There were no gross or microscopic 
lesions in the control fish. 
In CH2, 2 fish from each container contammg actively 
shedding snails died within 7 days, although fish that survived 
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FIGURE 2. Cross section of a Drepahnocepha/us spathans-infected 
channel catfish fingerling at the level of the branchial chamber. Note the 
multiple developing metacercariae. Small arrows indicate the metacercar-
iae at the base of the gills; larger arrow (left facing) indicates a single 
metacercaria in the submucosa of the esophagus. Calibration bar, 
~200 ~m (H&E). 
cohabitation showed no signs of disease. No mortalities were 
observed in the controls. The histopathology associated with the 
infection was similar to that seen in CHI. The developing 
metacercariae were mainly limited to the tissues around the head, 
including some within cranial bones (Fig. 3). 
Enumerated cercariae challenge 
Results of the enumerated cercariae challenge were consistent 
with the cohabitation trials, with 2 fish from each challenge group 
dying within 7 days. Surviving fish showed no gross signs of 
disease. The histopathology was similar to that seen in the 
cohabitation trials, with a few exceptions. The developing 
FIGURE 3. Cross section of a juvenile channel c~.tfish experimentally 
infected with Drepanocepha/us spathans. The section is at the level of the 
brain with 2 encysted metacercariae. The inset is the area outlined by the 
rectangle at a higher magnification showing the metacercaria within the 
bone. Black calibration bar, ~250 ~m; white bar, ~25 ~m (H&E). 
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metacercariae were concentrated around the head region, 
especially at the base of the gill arches. However, there were a 
few metacercariae found caudal to the head region, with at least I 
present within the lateral line canal at the level of the anus 
(Fig. 4). The inflammatory response at the site of the developing 
metacercariae was most intense when the metacercariae were 
located close to the outer surface of the fish, especially the 
periocular tissues. Again, no control fish died or showed any signs 
of disease. 
Sequencing and analysis 
The 1956-bp ssDNA sequence from the cercaria was a 100% 
match to the ssDNA sequence obtained from adult D. spathans. A 
Blastn search for somewhat similar sequences of the NCBI non-
redundant nucleotide database revealed these 2 sequences to be a 
99% match to the D. spathans sequence deposited in GenBank 
(GenBank A Y245762; Flowers et aI., 2004) differing by only 2 
base pairs. Similarly, the D. spathans ssDNA sequence generated 
in this study was also > 99% match to another echinostome, 
Mesorchis denticulatus, from a ring-billed gull (Larus delawar-
ensis) in North Carolina (GenBank A Y245768; Flowers et aI., 
2004), differing by only 3 base pairs . The ssDNA sequence shared 
> 97% similarity to 8 other members of the Echinostomatidae, 
namely, Euparyphium metis from a raccoon dog (Nyctereutes 
procyonoides) in Ukraine (GenBank AY222131; Olson et aI., 
2003); Isthmiorpha hortensis from feral raccoons (Procyon lotor) in 
Japan (GenBank AB189982; Sato and Suzuki, 2006); Fasciola 
gigantica from an unpublished study (GenBank AJOI1942); 
Fascioloides magna from a fallow deer (Dama dama) in coastal 
Oregon (GenBank EF051080; Bildfell et aI., 2007); a liver fluke 
Fasciola hepatica (Trematoda: Fasciolidae; GenBank AJ004969; 
Fernandez et aI., 1998); Paryphostomum radiatum from a great 
cormorant (Phalacrocorax carbo) in Israel (GenBank A Y245708; 
Dzikowski et aI., 2004); and Petasiger phalacrocaracis, also from a 
great cormorant in Israel (GenBank A Y245709; Dzikowski et aI., 
2004). 
Similarly, the 1361-bp IsDNA sequence was a 100% match 
between the cercariae and the adult worms, but it did not match 
any IsDNA sequences currently available in GenBank. These 
sequences also demonstrated large similarities to echinostomatid 
worms, sharing 97% similarity to E. melis (GenBank AF151941 ; 
Tkach et aI. , 2000) and 96% similarity to 1. hortensis (GenBank 
AB189982; Sato and Suzuki, 2006). The 261-bp Cox} sequences 
for the cercariae were nearly a 100% match to the adult D. 
spathans, differing by only a single base pair. There were no direct 
matches to any Cox} sequences available in GenBank, but the 
closest matches were echinostomid worms, sharing 85% similarity 
to an Echinostoma sp. from Australia (GenBank AF025827; 
Morgan and Blair, 1998) and 84% similarity to I hortensis 
(GenBank AB189980; Sato and Suzuki, 2006). 
DISCUSSION 
The sequence data generated from the different life stages of the 
parasite were not a direct match to any sequences available in 
GenBank and demonstrated the limited utility of the ssDNA locus 
for discriminating between different digenetic trematodes below 
the family level. The ssDNA sequences generated here share 
> 97% similarity to sequences from several different species of 
FIGURE 4. Cross section of a juvenile channel catfish experimentally 
infec ted with Drepanocephalus spathans. The section is at the level of 
the anus revealing a developing metacercaria within the lateral line 
canal (rectangle). The inset is the area outlined by the rectangle at a 
higher magnification. Black calibration bar, - sao ~m; white bar, 
- 100 ~m (H&E). 
echinostomes, lending ambiguity to species identification based 
on ssDNA sequence. Although the ssDNA sequences for the 
cercaria and adult D. spathans were not a direct match to the D. 
spathans sequence in GenBank, they share 100% similarity to each 
other across ~2,000 bp, suggesting they are conspecific. Further 
evidence of the limited utility of the ssDNA locus for species 
discrimination is that the adult worm and cercariae also 
demonstrated > 99% (195711960 bp) similarity to ' Mesorchis 
denticulatus (Trematoda: Echinostomatidae), a trematode known 
to infect the ring-billed gull (Larus delawarensis; Flowers et aI., 
2004). There are no Cox} or IsDNA sequence data available in 
GenBank for M. denticulatus; however, the cercariae of M. 
denticulatus are described as a red-tailed gigantocercous-type, 
nearly 2 mm in length (K0ie, 1986), demonstrating very different 
morphology than the relatively smaller xiphidio-type used in these 
challenges. 
Similarly to the ssDNA , the IsDNA sequences of the 2 life stages 
shared 100% similarity over ~ 1,400 bases. Although there were 
no published IsDNA sequences available for D. spalhans, the 
IsDNA sequences generated here demonstrated the greatest 
similarity to other echinostomatid worms, with the closest match 
being E. metis, an echinostome trematode isolated from raccoon 
dogs in Ukraine. The Cox} sequences for both life stages also 
demonstrated a high degree of similarity between them, differing 
by only I base across 260 bp of sequence. Again, there were no 
direct matches to any published sequences in GenBank, but 
similarly to the ssDNA and IsDNA, the most similar sequences 
were also from echinostomatid trematodes, with the closest 
matches being an Echinostoma sp. from Australia and 1. hortensis 
from Japan. 
Although the specimens used in this study were not a 100% 
match to the ssDNA sequence for D. spathans already in 
GenBank, those used for the generation of the GenBank 
sequences were collected from a different geographic location 
(North Carolina) nearly 10 yr before the collection of the isolates 
used in this study (Flowers et aI., 2004). There are several distinct 
breeding populations of DCC localizing in the northeastern, 
midwestern, southeastern, and western United States and Alaska 
(Hatch, 1995). Given that a majority of the DCC found on catfish 
operations breed primarily in the upper midwestern United States 
and Canada (Dolbeer, 1991), it is probable the adult worms 
collected from DCC in North Carolina came from a completely 
separate breeding population than the parasites collected in 
Mississippi. As such, some genetic variability is not surprising. 
Moreover, the isolates collected from Mississippi share >99% 
similarity (1958/1960 bp) at the ssDNA locus to the D. spathans 
sequence published in GenBank, well within what can be expected 
for intraspecific variation. There have been analogous findings for 
other trematode species. A recent study demonstrated that strains 
of Haplorchis pumillo (Trematoda: Heterophyidae) can vary by up 
to 5 bases over -1800 bp of ssDNA sequence, whereas different 
strains of H. taichu (Trematoda: Heterophyidae) can vary by as 
much as 20 bases over the same span (Thaenkham et ai., 2010). 
Similar results were observed for the lsDNA and Cox} gene 
loci, loci that offer a much higher degree of resolution than 
ssDNA. Although the sequences generated from the specimens in 
this study did not match any published lsDNA or Cox} sequences 
in GenBank, the sequences for both life stages share a high degree 
of similarity between themselves. The slight variation observed at 
the Cox} loci between the adult fluke and the cercariae is less 
than, or equal to, levels of variation reported within other 
digenetic species. Molecular characterization of Paragonimus 
westermani (Trematoda: Paragonimidae) in northeastern India 
demonstrated some variability at the Cox} gene locus between 
different isolates (Devi et ai., 2010). Similarly, 5 variable sites were 
observed over 824 bp of Cox} sequence from eggs and adult 
Trichobilharzia regenti (Trematoda: Schistosomatidae) from 
different hosts (Jouet et ai., 2010). Moreover, investigations of 
genetic differentiation in eastern European and western Asian 
populations of F. hepatica revealed as much as 2% variability over 
429 bp of Cox} sequence between haplotypes from different 
geographic regions (Semyenova et ai., 2006). Considering the 
large degree of genetic similarity (>99%) at multiple gene loci and 
the close association between DCC and commercial catfish 
operations, the unidentified xiphidio-type cercaria used to infect 
fish in this study is most likely D. spathans. 
In a series of life cycle studies to determine the potential avian 
hosts for B. damnificus, researchers were able to experimentally 
infect a DCC with D. spathans (Doffitt et ai.. 2009). After capture, 
the birds were treated with praziquantel (26-30 mg/kg body 
weight) to remove all helminth parasites and then confined. The 
birds were then fed juvenile channel catfish collected from a pond 
containing an active outbreak of B. damnificus. The praziquantel 
dose administered had been demonstrated as efficacious against 
digenetic trematodes in other studies involving piscivorous birds 
(Overstreet et ai., 2002; Yost, 2008). Given that D. spathans had 
not been reported previously to infect channel catfish, the 
author's conjectured 2 hypotheses: either the anti-helmenthic 
dose was inadequate, or ineffective, against D. spathans; or the 
infection had been initiated by feeding the subject D. spathans-
infected catfish (Doffitt et ai., 2009). 
In the present study, exposing juvenile catfish to D. spathans 
cercariae resulted in the presence of developing metacerariae in 
these fish 7 days post-exposure. These well-developed metacer-
cariae were found mainly in the head region and most often 
within the branchial chamber at the base of the gill arches. In 
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some instances, a few metacercariae were found caudal to the 
head. None was found on internal organs with the exception of 1 
located in the submucosa of the esophagus. Although metacer-
cariae were found in other tissues, the majority of the developing 
parasites were found in the gill arches and cranial region, 
suggesting a relatively strong site predilection; metacercariae 
found in other tissues may have simply wandered to aberrant 
sites. It should be noted, however, that the development of the 
metacercariae in the ocular region of the cranium and within the 
cartilage of the gill arch suggests this parasite would not be readily 
evident during routine health screenings or on gross examination. 
The pathology of the developing metacercaria observed here 
suggests the developing parasite may physically occlude the blood 
vessels in the gill arch, potentially causing limited mortality and 
reduced production on fingerling operations. Several of the 
exposed fish died within 7 days post-exposure, and it is 
hypothesized that, in these instances, the developing metacercar-
iae may have physically occluded the blood vessels in the gills 
because the branchial tissues seem to be a preferred site for these 
metacercariae. Unfortunately, none of the fish that died was 
examined histologically due to post-mortem autolysis. 
This is the first commentary of the pathology of D. spathans in 
juvenile channel catfish as well as the first report of the marsh 
rams-horn snail as an intermediate host in the D. spathans life 
cycle. Currently, the longevity of the metacercariae stage in the 
catfish is unknown, and whether the channel catfish is the 
preferred or a paratenic host for the parasite is unclear. The 
capability of the parasite to encyst at the base of the gill arch, 
potentially occluding blood vessels, and disrupting normal 
circulation, suggests these parasites could have a significant 
impact on catfish health and production. These data further 
support the need for adequate snail control to reduce trematode 
populations on catfish operations. Future research will focus on 
the longevity of this parasite within the fish host, experimental 
transmission to the avian host, and epizootiologic studies to 
determine the prevalence of this parasite throughout catfish 
aquaculture. 
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A NEW SPECIES OF MEGALOBATRACHONEMA (NEMATODA: KATHLANIIDAE) IN FOJIA 
BUMUI(SQUAMATA: SCINCIDAE) FROM PAPUA NEW GUINEA 
Charles R. Bursey, Stephen R. Goldberg*, and Fred Kraust 
Department of Biology, Pennsylvania State University, Shenango Campus, Sharon, Pennsylvania 16146. e-mail: Gxb13@psu.edu 
ABSTRACT: Megalobatrachonema papuaensis n. sp. (Ascaridida: Kathlaniidae) from the small intestine of Fojia bumui (Squamata: 
Scincidae) collected in Papua New Guinea is described and illustrated. Megalobatrachonema papuaensis represents the first species from 
the Australian realm and the third species assigned to the genus. It is distinguished from other species of Megalobatrachonema by the 
distribution pattern of caudal papillae (8 precloacal, 10 postcloacal, and I median), length of spicules (201-226 J.Ull), and absence of a 
pseudo sucker. 
During necropsy of New Guinean skinks, 20 specimens of the 
fojia skink, Fojia bumui Greer and Simon, 1982, were found to 
harbor a total of 116 (49 males, 67 females) nematodes of an 
undescribed species of Megalobatrachonema Yamaguti, 1941. Fojia 
bumui is a slender, medium-sized, blotched lygosomine skink found 
near small streams; it uses overhanging broad-leafed vegetation for 
nocturnal sleeping perches (Greer and Simon, 1982) and readily 
dives into the water when disturbed (F. Kraus, unpubL obs,), There 
are, to our knowledge, no reports of helminths from this lizard. 
Two species, Megalobatrachonema nipponicum Yamaguti, 1941, 
and Megalobatrachonema giganticum (Olsen, 1938) Baker, 1980, 
are currently assigned to the genus, both of which are parasites of 
Amphibia. The purpose of this paper is to describe the third species 
assigned to Megalobatrachonema, 
MATERIALS AND METHODS 
Thirty-six specimens of Fojia bumui collected by hand 16-23 October 
2003 by one of us (F. Kraus) on Mt. Shungol, Morobe Province, Papua 
New Guinea, killed by an injection of Nembuto®, fixed in neutral buffered 
10% formalin, stored in 70% ethanol, and deposited in the herpetological 
collection of the Bernice P. Bishop Museum, Honolulu, Hawaii (BPBM 
18820-18855) were examined for helminths, At necropsy, the body was 
opened by a longitudinal lateral incision and the gastrointestinal tract was 
removed by cutting across the esophagus and rectum. The esophagus, 
stomach, small intestine, and large intestine of each skink were examined 
separately for helminths. Only nematodes were found, which were placed 
on a glass slide in a drop of lactophenol and a coverslip added; 
identification was made from these temporary wet mounts. Drawings were 
made with the aid of a micro projector. Measurements are given in 
micrometers unless otherwise stated with mean ± I SD and range in 
parentheses. 
DESCRIPTION 
Mega/obatrachonema papuaensis n. sp. 
(Figs. 1-11) 
General: Nematodes with slender, cylindrical body tapering anteriorly 
and posteriorly; however, anterior tenth and posterior tenth of body with 
slightly greater diameter than middle portion of body. Thin cuticle with 
fine, regular striations; depending upon depth of focus, both transverse 
striations of cortical zone and longitudinal striations of basal zone can be 
seen. Mouth opening triangular, surrounded by 3 small lips, dorsal lip 
with 2 papillae, each ventrolateral lip with I ventrally situated papilla and 
I laterally situated amphid. Sclerotized lip support absent. Cervical 
papillae slightly posterior to nerve ring, Esophagus divided into distinct 
short pharynx and elongate corpus, poorly differentiated from posterior 
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narrow, valved bulb; slight corporeal inflation anterior to the bulb, 
Excretory pore at level of corporeal inflation. Lateral alae absent. Sessile 
somatic papillae absent. Tail conical, pointed in both sexes, flexed 
ventrally in male. 
Male (based on holotype and 9 paratypes): Length 9.2. ± 0.8 mm (7.8-
10.2 mm); width slightly posterior to level of esophageal-intestinal 
junction 213 ± 35 (146-262), at midbody 138 ± 24 (96-171), at level of 
rectum 186 ± 32 (122-220). Esophagus long and marrow, with distinct 
anterior pharynx but poorly delineated separation of corpus and bulb; 
junction of corpus and bulb slightly inflated, Length of esophagus 1,044 ± 
55 (918-1,148); pharynx 85 ± 11 (73-110) long, 28 ± 3 (24-31) wide; 
corpus and bulb 959 ± 60 (839-1,056) long; corpus just posterior to nerve 
ring 46 ± 3 (43-52) wide, distance from pharynx to midpoint of corporeal 
inflation 835 ± 61 (765-944), corporeal inflation 87 ± 6 (80-93) long, 
54 ± 4 (49-61) wide, bulb (beginning at corporeal inflation midpoint to 
posterior end) 203 ± 49 (153-293) long and 79 ± 9 (61-92) wide, Nerve 
ring 299 ± 19 (274-323) and excretory pore 877 ± 50 (816-944) from 
anterior end, respectively. Tail 248 ± 18 (214-268) long, conical, pointed 
tip. Pseudo sucker absent. Precloacal region with approximately 16 pairs of 
subventral, obliquely directed muscle bands, Single median papilla 
approximately 30 anterior to cloacal meatus. Nine pairs of ventrolateral 
caudal papillae, 4 pairs precloacal, 5 pairs postcloacal. Phasmids situated 
laterally near tail midpoint. Testis extremely long, tapering, extending 
anteriorly into first quarter of body before turning posteriorly to terminate 
near anterior edge of seminal vesicle. Spicules similar, 214 ± 9 (201-226) 
in length, slightly curved, pointed, alate; gubernaculum weakly sclerotized 
58 ± 5 (52--67) in length. 
Female (based on allotype and 9 paratypes): Length 10.5 ± 0,87 mm 
(9.3-11.8 mm); width slightly posterior to level of esophageal-intestinal 
junction 271 ± 51 (195-348), at midbody 194 ± 23 (165-232), at level of 
rectum 257 ± 33 (214-305), Esophagus long and marrow, with distinct 
anterior pharynx but poorly delineated separation of corpus and bulb; 
junction of corpus and bulb slightly inflated. Length of esophagus 1,135 ± 
45 (1,071-1,224); pharynx 124 ± 11 (110-140) long, 30 ± 3 (25-34) wide; 
corpus and bulb 1039 ± 46 (973-1,126) long; corpus just posterior to nerve 
ring 52 ± 4 (48-58) wide, distance from pharynx to midpoint of corporeal 
inflation 907 ± 39 (829-969), corporeal inflation 92 ± 6 (85-98) long, 60 
± 3 (55--64) wide, bulb (beginning at corporeal inflation midpoint to 
posterior end) 234 ± 10 (220-256) long and 94 ± 5 (88-104) wide. Nerve 
ring 304 ± 13 (287-329) and excretory pore 919 ± 37 (867-995) from 
anterior end, respectively. Tail 314 ± 32 (255-357) long. Vulva transverse 
slit, slightly salient, 3,3 ± 0,3 mm (2,7-3.7 mm) from posterior end, 
Vagina muscular, directed anterodorsally and giving rise to 2 uteri of 
about equal length; proximal region of posterior uterus directed anteriorly 
then reflected posteriorly. Uteri lying within second and third quarters of 
body. Prominent spermatheca at proximal end of oviduct. Eggs oval, 50 ± 
4 (43-55) X 44 ± 2 (40-49), thick shelled, uncleaved, 
Taxonomic summary 
Type host: The fojia skink, Fojia bumui Greer and Simon, 1982. 
Symbiotype BPBM 18836, collected 21 October 2003. 
Type locality: 5.6 km NW summit of Mt. Shungol, 750 m elevation, 
Morobe Province, Papua New Guinea. 
Site of infection: Small intestine. 
Type specimens: Holotype male, USNPC 105251; allotype female, 
USNPC 105252; paratypes 9 males, 9 females, USNPC 105253; voucher 
specimens, USNPC 105254. 
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FIGURES 1-11. Megalobatrachonemapapuaensis n. sp. (1) Female, anterior end, lateral view. (2) Female, en face view. (3) Female, anterior end, dorsal 
view. (4) Male, entire, inflated anterior and posterior ends. (5) Female, posterior end of esophagus, lateral view. (6) Female, reproductive system, entire. 
(7) Egg. (8) Male, posterior end, lateral view. (9) Female, posterior end, lateral view. (10) Male, spicules and gubernaculum. (11) Male, posterior end, 
ventral view (diagrammatic). 
Etymology: The new species is named for the geographic area of 
collection. 
Remarks 
We have used the structure of the esophagus of Megalobatrachonema 
papuaensis n. sp. as the basis for its assignment to Kathlaniidae Lane, 
1914, subfamily Kathlaniinae Lane, 1914, Megalobatrachonema Yama-
guti, 1941. Richardson and Adamson (1990) characterized Megaloba-
trachonema as having a spherical esophageal bulb equipped with cuticular 
valves and suggested that it may be appropriate to treat it as a synonym of 
Falcaustra. Lane (1915) described the posterior portion of the esophagus 
of Falcaustra to be hourglass shaped; Chitwood and Chitwood (1974) 
state that the isthmus in kathlaniid nematodes is "subspheriod," and 
Chabaud (1978) describes the esophageal isthmus of Falcaustra as 
generally spherical. We suggest that the difference in the structure of the 
esophagus, i.e., definitive isthmus in Falcaustra, lack of a defined isthmus 
in Megalobatrachonema, is sufficient to require separate genera. 
Megalobatrachonema papuaensis n. sp. is easily separated from the other 
2 species of the genus. When viewed by microscope at 40X, the anterior 
and posterior body regions of M. papuaensis appear slightly inflated, both 
M. giganticum and M nipponicum appear cylindrical with tapering anterior 
and posterior regions. Males of M. papuaensis possess 9 pairs of caudal 
papillae (4 pairs precloacal, 5 pairs postcloacal, I unpaired papilla anterior to 
cloaca), M giganticum with 11 pairs (5 pairs precloacal, 6 pairs postcloacal), 
and M nipponicum has 10 pairs (5 pairs precloacal, 1 pair adcloacal, 4 pairs 
postcloacal). Males of M nipponicum possess a pseudosucker; a pseudo-
sucker is absent in M. giganticum and M. papuaensis. Spicules of M. 
papuaensis are 201-226 long, those of M giganticum are 682-899 long, and 
those of M. nipponicum are 650-1,000 in length. 
DISCUSSION 
Megalobatrachonema was erected by Yamaguti (1941) to 
accommodate nematodes (subsequently named Megalobatracho-
nema nipponicum Yamaguti, 1941) removed from the small 
intestine of the Japanese giant salamander, Megalobatrachus 
japonicus (currently Andrias japonicus). Chabaud and Golvan 
(1957) described the second species assigned to the genus, 
Megalobatrachonema campanae Chabaud and Golvan, 1957, from 
the alpine newt Tirton alpestris (currently Ichthyosaura alpestris) 
and the common newt Tirton vulgaris (currently Lissotriton 
vulgaris), both species collected in France. Freitas (1958) placed 
the 2 nematode species in separate genera and subfamilies, i.e., 
Megalotrachonematinae in the Oxyascarididae for Megalobratra-
chonema nipponicum and Chabaudgolvaninae in the Subulascar-
ididae for Chabaudgolvania campanae (Chabaud and Golvan, 1957) 
Freitas, 1958. Previously Linstow (1890) had described Oxysoma 
terdentatum Linstow, 1890, from the northern crested newt, 
Triturus cristatus, collected in Germany; later, Hartwich (1960) 
redescribed Linstow's type specimen and reassigned it to Mega-
lobatrachonema. In the same paper, Hartwich (1960) synonymized 
Chabaudgolvania with Megalobatrachonema. Baker (1980) reexam-
ined Aplectana gigantica Olsen, 1938, from a western spotted frog, 
Rana pretiosa, collected in Utah and reassigned it to Megaloba-
trachonema. In the same paper, Baker (1980) reinstated Chabaud-
golvania and Megalobatrachonema as subgenera of Megalobatra-
chonema in the Kathlaniinae of the Kathlaniidae on the basis of the 
presence or absence of cuticular valves in the esophageal bulb. To 
this point in time, 3 species were recognized Megalobatrachonema 
(M.) gigantica and Megalobatrachonema (M.) nipponicum with 
esophageal bulb valves and M egalobatrachonema (C.) terdentatum 
without esophageal bulb valves (Baker, 1980). 
Subsequently, Baker (1986) re-examined Leptodera elongata 
Baird, 1858 (syn. Spironoura elongata [Baird, 1858] Walton, 1932; 
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Falcaustra elongata [Baird, 1858] Freitas and Lent, 1941) from the 
Mexican salamanders, Ambystoma lacustris (currently Ambysto-
ma velasci), Ambystoma tigrinum and Rhyacosiredon altamirani 
(currently Ambystoma altamirani), and reassigned it to Mega-
lobatrachonema (C.) based upon the absence of esophageal bulb 
valves. Two additional species have since been described, 
M egalobatrachonema (C.) waldeni Richardson and Adamson, 
1988, from the northwestern salamander, Ambystoma gracile, 
collected in British Columbia and Megalobatrachonema (C.) 
moraveci Richardson and Adamson, 1988, from the rough-
skinned newt, Taricha granulosa also collected in British 
Columbia; both nematode species without esophageal bulb valves 
(Richardson and Adamson, 1988a, 1988b). 
However, Richardson and Adamson (1990) undertook a 
phylogenetic analysis of the 6 species then assigned to Mega-
lobatrachonema (Ascaridida: Cosmocercoidea: Kathlaniidae). A 
single cladogram was produced in which Megalobatrachonema 
sensu Hardwich (1960) was found to be polyphyletic, consisting of 
Megalobatrachonema Yamaguti, 1941 with type species Mega-
lobatrachonema nipponicum and doubtful species Megalobatra-
chonema giganticum and Chabaudgolvania Freitas, 1958, with type 
species Chabaudgolvania terdentata and additional species Cha-
baudgolvania elongata, Chabaudgolvania waldeni, and Chabaud-
golvania moraveci. Megalobatrachonema remains in the Kathla-
niidae; Chabaudgolvania is returned to the Quimperiidae. 
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TWO NEW SPECIES OF SCHIZORCHIS (CESTODA: ANOPLOCEPHALIDAE) FROM 
LEPORIDS (LAGOMORPHA: LEPORIDAE) IN CHINA 
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College of Life Science and Engineering, Northwest University for Nationalities, No.1, New Village of Northwest, Lanzhou 730030, China. 
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ABSTRACT: Four specimens of wild leporids, Lepus capensis Linnaeus, 1758, in Longde County, Ningxia Hui Autonomous Region 
(NXHAR), and 40 domestic rabbits, Oryctolagus cuniculus (Linnaeus, 1758) (20 from Xiji County, NXHAR, and 20 from Jingning 
County, Gansu Province) were examined for the presence of helminth parasites. Two new cestode species of Schizorchis Hansen, 1948 
(Anoplocephalidae), were found: Schizorchis sinensis sp. n. from L. capensis and Schizorchis oryctolagi sp. n. from domestic rabbits. 
Schizorchis sinensis sp. n. is distinguished from all the species in the genus from pikas, Ochotona spp. (Lagomorpha: Ochotonidae) by 
having much longer strobila, a larger cirrus sac, a greater number of segments, and more numerous testes. The morphology of S. 
oryctolagi n. sp. is most similar to that of S. sinensis. It is distinguished from the latter species by its relatively small strobila, larger 
number of segments, smaller size of eggs, and much larger cirrus sac, which is substantially extending in a medial direction. In addition, 
a genital papilla is present in S. sinensis, but absent in S. oryctolagi. These findings indicate that species of Schizorchis are widespread in 
leporid mammals, contrary to the widespread opinion that the latter genus is specific to ochotonid lagomorph mammals. They are 
congruent, however, with the hypothesis of a close phylogenetic relationship between species of Schizorchis and Mosgovoyia. The 
occurrence of Schizorchis spp. in leporids is considered relict, vestigial from wider geographical and host ranges of this parasite genus 
during the Pleistocene. 
Seven species of Schizorchis Hansen, 1948, have been recog-
nized as parasites in pikas, Ochotona spp. (Lagomorpha, 
Ochotonidae), in northern Eurasia and North America. These 
include Schizorchis ochotonae Hansen, 1948, and Schizorchis 
caballeroi Rausch, 1960, from North America (Hansen, 1948; 
Rausch, 1960); Schizorchis altaica Gvozdev, 1951, from the Altay 
Mountains in western Siberia, Russia (Spassky, 1951); Schizorchis 
ryzhikovi Rausch and Smirnova, 1984, from Magadanskaya 
Oblast', Russia (Rausch and Smirnova, 1984); Schizorchis 
yamashitai Rausch, 1963 from Hokkaido Island, Japan, and 
Magadanskaya Ob1ast', Russia (Rausch, 1963; Rausch and 
Smirnova, 1984); Schizorchis nepalensis Rausch and Smirnova, 
1984, from the Himalayas (Rausch and Smirnova, 1984); and 
Schizorchis mongoliensis Tinnin, Gardner and Ganzorig, 2008, 
from Mongolia (Tinnin et aI., 2008). 
Of the 7 previously known species of Schizorchis, all occur in 
pikas. Their absence in the other family of Lagomorpha, i.e., the 
leporids (hares and rabbits), is supposedly due to either the lack of 
an evolutionarily established host-parasite association between 
the 2 groups or the insufficient collecting efforts in the 
helminthologica1 examination of rabbits and hares, especially in 
the eastern part of northern Eurasia where the most species-rich 
part of the geographical range of Schizorchis is known. 
During 1990-1992, a survey of helminth parasites in leporids in 
the western part of China was carried out (Cai et aI., 1993). Here 
we provide a description of 2 new species of Schizorchis from 
leporids. Their morphological variation and the significance of 
the present records for understanding the evolutionary history of 
anop1ocephalids are also discussed. 
MATERIALS AND METHODS 
In November 1991,4 individual hares, Lepus capensis Linnaeus, 1758, 
were collected by shotgun in Longde County (35°21'-35°47'N, 105°48'-
106°15'E, altitude 2,100 m) of the southern Ningxia Hui Autonomous 
Region (NXHAR), which is at the south of the Liupan Mountains of the 
central Loess Plateau. These hares were infected with 2 new cestodes 
described herein. Subsequent efforts to collect additional materials were 
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made in November 2008 and December 2009; 3 adult and 6 juvenile L. 
capensis were killed in the same region and examined for endoparasites, 
but no cestodes were found. Presently Lepus capensis is considered a 
second grade protected species in China, and destructive collecting of it is 
no longer permitted. 
Domestic rabbits, Oryctolagus cuniculus (Linnaeus, 1758), from 2 other 
sites were also necropsied, i.e., 20 standard chinchilla rabbits from Xiji 
County, specifically in the southeastern part of NXHAR and western part 
of the Liupan Mountains (35°35'-36°14'N, 105°20'-106°04'E, altitude 
1,688-2,633 m), during September-October 1990, and 20 Himalayan 
rabbits from Jingning County (35°01'-35°45'N, 105°20'-106°05'E, 
altitude 1,600-2,245 m), in the eastern part of Gansu Province, during 
October-November 1990. 
All collected animals were processed immediately after their death. The 
complete gastrointestinal tract, liver, lungs, pleural cavity, and peritoneal 
cavity were examined separately for hehninth parasites. All isolated 
cestodes were preserved in 70% ethanol for further study using light 
microscopy. Cestodes were stained in acetic carmine, cleared in xylene or 
terpineol, mounted in Damar gum, and studied using a compound 
microscope. 
In the description, measurements are presented as a range (min-max), 
with mean (average) and number of measurements or counts given (n) in 
parentheses. All measu~ements are in micrometers except for the strobila 
length and width, which are presented in millimeters. The egg size was 
measured from eggs in gravid segments in permanent mounts. 
DESCRIPTION 
Schizorchis sinensis n. sp. 
(Figs. 1-10) 
Diagnosis (based on 2 gravid specimens from Lepus capensis from 
Longde County): Fully developed strobila 98.5 mm long, with 189 
proglottids, including 70 premature, 38 mature, and 81 gravid segments. 
Maximum width 7.9 mm, in gravid segments. Second strobila not 
complete (lacking some mature and pregravid fragments), 71.2 mm long, 
with 130 proglottids, including 65 premature, 35 mature, and 39 gravid 
segments. Maximum width 8.5 mm, for gravid proglottids. Strobila 
gradually widens from scolex to 32nd-44th segments and then widens 
abruptly from 1,525-1,875 to 2,325-3,200 (1,700 to 2,763, n = 2) between 
33rd and 49th segments. Maximum width from about 115th to l30th 
segments; thereafter, strobilar width essentially uniform, but terminal 
gravid segments usually slightly narrower. Proglottids transversely 
elongate. All proglottids much wider than long; premature proglottid 
length:width ratio 1.0:7.6-1.0:13.3 (1.0:10.6, n = 10); mature proglottid 
length:width ratio 1.0:6.0-1.0: 11.2 (1.0:8.2, n = 10); gravid proglottid 
length:width ratio 1.0:5.0-1.0:7.6 (1.0:6.1, n = 25). Scolex small, merging 
perceptibly into unsegmented neck, 350 (350, n = 2) in width; suckers 
rounded, muscular, directed antero-Iaterally, 90-125 (109, n = 4) in 
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FIGURES 1-6. Schizorchis sinensis n. sp. from Lepus capensis. (1) Anterior part of strobila. (2) Scolex and neck. (3) Cirrus sac and vagina in mature 
proglottid. (4) Mature proglottids. (5) Postmature proglottids, including a proglottid with paired genitalia. (6) Development of pregravid uterus. 
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FIGURES 7-10. Schizorchis sinensis n. sp. from L. capensis. (7) Development of pregravid uterus. (8) Gravid proglottids. (9) A left portion of 
postmature proglottid showing accessory osmoregulatory system, external seminal vesicle and seminal receptacle. (10) Egg. 
diameter; neck 500-600 (550, n = 2) in length (measured from posterior 
end of suckers to first distinct segmentation), 320 (320, n = 2) in width. 
Anlagen of genitalia of female appear in about 13-14th proglottids, while 
anlagen of testes appear in about 4lst-45th proglottids. Genital pores 
irregularly alternating, positioned slightly posterior to middle of lateral 
margin of each segment. Genital atrium of insignificant size. Genital 
papilla present. Genital ducts cross longitudinal osmoregulatory canals 
dorsally. Longitudinal osmoregulatory canals paired. Ventral longitudinal 
canals slightly wider than dorsal longitudinal canals, situated medially or 
ventrally to them, c. 40-60 (50, n = 5) in diameter in mature proglottids. 
Dorsal canals c. 30-50 (40, n = 5) in diameter. Numerous accessory 
longitudinal osmoregulatory canals distributed in parallel throughout 
proglottid width. Irregular anastomoses connect various accessory 
longitudinal canals at posterior 114-113 region of each proglottid, also 
connecting ventral longitudinal canals on 2 sides. 
Cirrus sac elongate, thin-walled, directed antero-posteriorly, oblique (at 
about 45°); proximal end somewhat inflated and reaching anterior 
proglottid margin above level of poral end of uterine tube, ending along 
proglottid margin; usually proximally overlapping or extending slightly 
beyond longitudinal osmoregulatory canals in mature proglottids. Cirrus 
sac highly variable in size. Maximum length and width of cirrus sac 410-
580 and 60-125 (520 and 94.5, n = 10), respectively, attained in mature 
proglottids. Cirrus organ narrow, frequently undulating, unarmed, 
difficult to observe when invaginated, 80-200 (142, n = 5) long when 
evaginated. Internal seminal vesicle relatively small, elongating along with 
cirrus sac, 210-340 (217, n = 10) in length and 50-120 (68.5, n = 10) in 
width; occupying proximal part of cirrus sac and corresponding to 
enlargement of latter when fully developed in post-mature proglottids. 
Filled, expanded external seminal vesicle in mature or post-mature 
proglottids with convoluted distal part. Thereafter, vas deferens narrow, 
thin-walled, coiled loosely, passing mediad across anterior part of segment 
to near midline, then turning posteriad, meanwhile decreasing gradually in 
diameter. Vasa efferentia not distinct. Testes appearing later than ovary, 
subspherical, 100-130 X 90-110 (108 X 99, n = 30) in size in mature 
proglottids. Testes 62-92 (75, n = 20) per segment, 29-53 (42, n = 20) 
antiporal and 27-40 (33, n = 20) pora!. Testes distributed in 2 lateral 
groups separated medially by vitellarium and posterior lobes of ovary 
(usually discrete), their field invariably posterior to uterus, gradually 
increasing in density laterally, almost reaching ventral longitudinal 
excretory canals. Testes persist in pregravid proglottids. 
Vagina opening into genital atrium postero-ventral to male duct, 
extending mediad postero-ventral to cirrus sac. Terminal portion of 
vagina thick-walled, not-coiled, 730-1,170 (882, n = 10) long, with 
uniform width of 60-90 (74, n = 10), surrounded externally by layer of 
glandular cells; lumen narrow, 12-15 (13, n = 5) in width, lined internally 
with short bristles; in distal wall, musculature relatively well developed 
before entering genital atrium. Proximal vagina without glandular cells or 
bristles, extending mediad along with vas deferens as narrow, thin-walled, 
convoluted tube, turning posteriad near poral side of ovary, forming large 
seminal receptacle 120-410 (334, n = 10) long and 120-170 (153, n = 10) 
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wide; thereafter, it forms narrow duct, extending posteriad and joining 
oviduct just lateral to Mehlis' gland. Ovary fan-shaped, asymmetrical, 
highly lobulated, composed of approximately 44-82 (58, n = 10) small 
lobules, 800-950 (873, n = 10) X 200-300 (239, n = 10) in size, extending 
to anterior margin of proglottid; ventrally, extending slightly beyond 
anterior edge of vitellarium, thus occupying almost whole length of 
proglottid; asymmetrical, always on poral side near midline of proglottid, 
ratio of distance from center to poral side and to antiporal side 1.0: 1.1-
1.0:1.3 (1.0:1.2, n = 10). Vitellarium asymmetrically lobed, usually 
reniform, with anterior concavity, composed of 10-26 (16, n = 20) small 
subellipticallobules, 320-400 (370, n = 10) wide and 117-200 (153, n = 
10) long, posterior and dorsal to ovary. Mehlis' gland spherical, at base of 
ovary, anterior to vitellarium, 160 (160, n = 10) in diameter. Female 
reproductive organs disappear earlier than male. Ovary regressing at 
about 108th proglottid, disappearing entirely by 123th proglottid (based 
on I specimen); vestigial ovaries of variable size, usually consisting of 5 to 
12 lobules. Vitellarium, seminal receptacle, and Mehlis' gland persist after 
involution of ovary. 
Tubular uterus transverse, extending bilaterally from near middle of 
ovary to just beyond limits of testes between 2 ventral longitudinal canals; 
distal ends of uterine tube bending posteriorly, but not crossing 
longitudinal osmoregulatory canals in mature segments. In late mature 
segments, ends enlarge and afterwards lumen of remaining parts increases. 
Expanded tubiform uterus with distinct protuberances in early pregravid 
proglottids, later developing irregular anterior and posterior sacculations. 
In fully developed gravid proglottids, uterus a transverse trunk filled with 
eggs or ovigerm, almost occupying entire length and width of segments, 
usually displacing longitudinal osmoregulatory canals, but not crossing 
them. Cirrus sac and vagina present in gravid segments. Eggs subspherical 
or prismatic, 75-100 (89, n = 15) X 60-88 (81, n = 15) in size, shell thin; 
surface of egg membrane folded. Pyriform apparatus present, with 
2 horns, containing onchosphere at blunt end. Onchosphere 12-18 (16, 
n = 5) in diameter. 
Teratology: Some proglottids with 2 sets of reproductive organs, 
namely, double female glands, genital ducts, and genital pores (8.6% [12/ 
139]-11.6% [22/189] of proglottids). Testes distributed in 3 groups, total 
number 84-105 (93, n = 6) of which 3-14 (8, n = 6) lie between 2 ovaries; 
remaining testes lateral to ovaries. In proglottids with double female 
glands, I ovary in normal position and size; additional ovary immature 
and smaller, as with vitellarium and Mehlis' gland with which it is 
associated. Space between 2 ovaries 75-95. Other proglottids, 15.8% (6/ 
38)-28.6% (10/35), exhibit tendency toward doubling of female genitalia. 
Supernumerary lobules of ovary, usually 3 to 15 in number, present in 
these proglottids; associated with incompletely developed vitellaria and 
Mehlis' glands. 
Taxonomic summary 
Type host: Cape hare, Lepus capensis (Linnaeus), Leporidae. 
Type locality: Longde County, southern Ningxia Hui Autonomous 
Region (35°21 '-35°47'N, 105°48'-106D I5'E). 
Site of infection: Small intestine. 
Specimens deposited: Holotype: National Zoological Museum of China 
(NZMC) No. PC09079. Paratype: NZMC No. PC09080. 
Prevalence and intensity of infection: Two of 4 hosts (50%): 1+1 
specimens in 2 hosts. 
Etymology: The species name refers to China, the country where this 
new species was collected. 
Remarks 
The main morphological characteristics of this cestode, i.e., irregularly 
alternating genital apertures, genital ducts passing dorsally to longitudinal 
osmoregulatory canals, large number and pattern of distribution of testes, 
form and location of ovary and uterus, indicate that it belongs to 
Schizorchis as previously defined (Hansen, 1948; Spassky, 1951; Yama-
guti, 1959; Rausch and Smirnova, 1984; Beveridge, 1994). 
Table I shows differential characteristics of the most similar species of 
Schizorchis compared with the 2 new species described in the present 
study. Of the Palaearctic species of Schizorchis, S sinensis n. sp. is similar 
to Saltaica and S yamashitai in the length of strobila. However, its width 
is distinctly greater than that of the latter. The cirrus sac of both S altaica 
and S yamashitai does not reach the ventral longitudinal osmoregulatory 
canal, while that of S. sinensis crosses it. The testes in S. sinensis are more 
numerous than in S. altaica and S. yamashitai and are not divided into 2 
distinct lateral groups as in S. yamashitai. In addition, S. sinensis differs 
from S. altaica, S. yamashitai, S. ryzhikovi, and S. mongoliensis with 
respect to the shape of segments; in the latter, all segments are somewhat 
arched, as seen in dorsoventral view. Schizorchis sinensis can be 
distinguished from S. ryzhikovi, S. nepalensis, and S. mongoliensis by its 
much larger strobila (20--36 X 2.7 mm in S. ryzhikovi; for the remaining 
species, see Table I), a greater number of testes (41-51 in S. ryzhikovi; for 
the remaining species, see Table I), and genital pores positioned slightly 
posterior to middle of lateral margin of each segment (genital pores of the 
other species open anteriorly or at the middle of the margin of the 
segment). Schizorchis sinensis differs also in the extent of uterus in mature 
segment from S. ryzhikovi, S. nepalensis, and S. mongoliensis. The ends of 
tubular uterus in the former species usually reach the ventral longitudinal 
osmoregulatory canals, while in the latter species they do not extend that 
far. 
Schizorchis sinensis does not closely resemble the 2 Nearctic species of 
the same genus. On zoogeographic grounds, host specificity, size of 
strobila, and morphological structure of the internal organs comparisons 
are not necessary. 
Schizorchis oryctolagi n. sp. 
(Figs. 11-18) 
Diagnosis (based on 2 gravid specimens from Oryctolagus cuniculus): 
Ribbon-like, moderate-sized worms. Fully developed strobila 86.4 mm 
long, with 205 proglottids, including 69 premature, 84 mature, and 52 
uterine segments. Maximum width 6.6 mm, attained at gravid segments. 
Second strobila not entire (lacking scolex), total length of fragments 
75 mm, with 172 proglottids, including 67 premature, 61 mature, and 44 
uterine segments. Maximum width 5.4 mm, attained in gravid proglottids. 
Strobila widening abruptly behind scolex. Strobilar margins serrate. 
Maximum width from about 120th to 175th segments; thereafter, strobilar 
width essentially uniform. Proglottids greatly extended transversely, 
craspedote. All proglottids much wider than long; premature proglottids 
with length:width ratio 1.0:8.7-1.0:19.6 (1.0:11.4, n = 10); mature 
proglottids with length:width ratio 1.0:7.8-1.0:12.5 (1.0:9.3, n = 15); 
uterine proglottids with length:width ratio 1.0:4.4-1.0:6.0 (1.0:5.0, n = 15). 
Scolex small, 141 in width. Suckers round, muscular, directed antero-
laterally, 38 in diameter. Neck very short. Anlagen of female genitalia 
appear in 2nd-5th proglottids, while anlagen of testes appear about 34th-
50th proglottids. Genital pores irregularly alternating, positioned slightly 
posterior to middle of lateral margin of each segment, dividing margin in 
ratio 1.0: 1.2-1.0: 1. 7 (1.0: 1.4, n = 10) in mature proglottids. Genital atrium 
of insignificant size. Genital papilla absent. Genital ducts cross 
longitudinal osmoregulatory canals dorsally. Longitudinal osmoregulato-
ry canals paired. Ventral longitudinal canals almost equal to dorsal 
longitudinal osmoregulatory canals in width. Numerous accessory 
longitudinal osmoregulatory canals distributed in parallel throughout 
proglottid width. Small anastomoses connecting various accessory 
longitudinal canals and ventral longitudinal canals not seen. 
Cirrus sac highly elongate, thin-walled, directed antero-posteriorly, 
oblique (at angle c. 45°); proximal end somewhat inflated and reaching 
anterior proglottid margin above level of poral end of uterine tube, ending 
along transverse proglottid margin and proximally extending anterome-
diad beyond longitudinal osmoregulatory canals in mature proglottids. 
Maximum length and width of cirrus sac 600-780 and 100-150 (715 and 
127, n = 10), respectively, attained in mature proglottids. Cirrus narrow, 
frequently undulating, unarmed, 270--380 and 13-25 (313 and 21, n = 5) in 
length and width. Internal seminal vesicle relatively large, elongating along 
with cirrus sac, 395-510 (438, n = 10) in length and 80--140 (109, n = 10) 
in width, occupying proximal part of cirrus sac. Filled, expanded external 
seminal vesicle in mature or postmature proglottids with convoluted distal 
part. Thereafter, vas deferens narrow, thin-walled, coiled loosely, passing 
mediad across anterior part of segment to near midline, then turning 
posteriad, meanwhile decreasing gradually in diameter. Vasa efferentia ran 
mediad from testes (in 2 lateral groups). After converging bilaterally, they 
form 2 major ducts that run anteromediad and join anterior to vitellarium. 
Testes appearing later than ovary, subspherical, 70--130 X 40-100 (98 X 
72, n = 30) in size in mature proglottids. Testes numbering 71-116 (88, n 
= 20) per segment, 39-61 (40, n = 20) of which are antiporal and 30--55 
(48, n = 20) pora!. Testes distributed typically in 2 lateral groups 
separated medially by vitellarium and posterior lobes of ovary, gradually 
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increasing in density laterally, their field invariably posterior to uterus, 
almost reaching ventral longitudinal osmoregulatory canals. Testes persist 
in pregravid proglottids. 
Vagina opening into genital atrium postero-ventral to male duct, 
extending mediad postero-ventral to cirrus sac. Terminal portion of 
vagina surrounded externally by layer of relatively sparse glandular cells, 
630--810 (716, n = 10) long, 73-75 (71, n = 10) wide and uniform in width; 
its lumen relatively spacious, 23-38 (32, n = 5) in width, internally without 
bristles. Proximal vagina without glandular cells, extending postero-
mediad along with vas deferens as narrow, thin-walled, convoluted tube. 
Vagina merges into large sub-spherical seminal receptacle, 200--240 (204, 
n = 5) X 150--220 (192, n = 10) in size, dorsal to ovary and to antiporal 
margin of vitellarium. Ovary fan-shaped, highly lobed, 250--1,210 (799, 
n = 25) X 70--370 (243, n = 25) in size, extending to anterior margin of 
proglottid; ventrally, extending beyond anterior edge of vitellarium, 
occupying almost whole length of proglottid; asymmetrical, always on 
poral side near midline of proglottid; ratio of distance from center to poral 
side and to antiporal side 1.0: 1.2-1.0: 1.5 (1.0: 1.3, n = 15). Vitellarium 
coarsely lobed, usually reniform, with anterior concavity, composed of 11-
18 (15, n = 10) small sub-elliptical lobules, 135-600 (286, n = 10) wide and 
50--200 (123, n = 10) long, posterior and dorsal to ovary. Mehlis' gland 
spherical, at base of ovary, anterior to vitellarium, 52-180 (112, n = 15) X 
54-180 (113, n = 15) in size. Female reproductive organs disappear earlier 
than male. Vitellaria, seminal receptacles, and Mehlis' gland persist after 
involution of ovary. 
Uterus initially tubular, transverse, usually distal ends of uterine tube 
bending posteriorly in mature segments. Uterus not crossing longitudinal 
osmoregulatory canals in tubular stage. In fully developed gravid 
proglottids, uterus arborescent, with distinct transverse trunk, rarely 
crosses longitudinal osmoregulatory canals, usually displacing them 
toward lateral margins. Eggs subspherical or prismatic, shell thin, 65-80 
(72, n = 15) X 58-73 (65, n = 15) in size; surface of egg-membrane folded. 
Pyriform apparatus present, containing onchosphere at its blunt end. 
Onchosphere 13-18 (16, n = 5) in diameter. 
Teratology: Some proglottids have 2 sets of reproductive organs (2.7% 
[41147]-4.4% [9/205] of total proglottids). In these proglottids, testes 
distributed in 3 groups. In proglottids with double female glands, 1 of 
ovaries in normal position and size; additional ovary immature and 
.smaller, as vitellarium and Mehlis' gland associated with it. Other 
proglottids (8.7% [4/46]-11.9% [10/84]) exhibit tendency toward doubling 
of female genitalia. 
Taxonomic summary 
Type host: Domestic rabbit, Oryctolagus cuniculus (Linnaeus), Lepor-
idae. 
Type locality: Jingning County, eastern Gansu Province (35°01'-
35°45'N, 105°20'-106°05'E). 
Site of infection: Small intestine. 
Specimens deposited: Holotype: NZMC No. PC09081. Paratype: 
NZMC No. PC09082. 
Prevalence and intensity of infection: Two of 40 hosts (5%): 1+1 
specimens in 2 hosts. 
Etymology: The species is named after the generic name of its host. 
Remarks 
Schizorchis oryctolagi n. sp. is most similar morphologically to S. 
sinensis (Table I). It is distinguished from S. sinensis in its relatively 
smaller size of strobila (98.5 X 7.9-8.5 mm in S. sinensis), larger number of 
segments (to 189 in S. sinensis), much larger cirrus sac (average 520 X 95 
in S. sinensis), and smaller size of eggs (average 89 x81 in S. sinensis). In 
addition, these 2 species differ from each another in the morphological 
structure of vagina and seminal receptacle. Terminal portion of vagina in 
S. oryctolagi is thin walled relative to that in S. sinensis. Its lumen is 
spacious, 23-38 versus 12.5-15 in S. sinensis, and internally without 
bristles. Seminal receptacle in S. oryctolagi is subspherical, located 
dorsally to ovary and antiporal margin of vitellarium, whereas in S. 
sinensis the seminal receptacle is fusiform and situated near the margin of 
the ovary. Moreover, a genital papilla is present in S. sinensis, but absent 
in S. oryctolagi. 
The width of strobila (5.4-6.6 mm), the number of segments (172-205), 
the length and width of cirrus sac (600--780 X 100--150), the number (71-
982 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.5, OCTOBER 2012 
17 
1.0mm 
1.0mm 
FIGURES 11-18. Schizorchis oryctolagi n. sp. from Oryctolagus cuniculus. (11) Anterior part of strobila. (12) Mature proglottids. (13) Postmature 
proglottids, including a proglottid with paired genitalia. (14) Details of genital ducts showing cirrus sac and vagina. (15) A left portion of a mature 
proglottid, mainly showing the accessory osmoregulatory system and the external seminal vesicle. (16, 17) Development of pregravid uterus. (18) A 
portion of gravid proglottid. 
116) and distribution (typically in 2 lateral groups, gradually increasing in 
density laterally) of testes and the position of the ovary always on poral 
side near midline of proglottid, serve to distinguish S. oryctolagi from the 
congeners occurring in pikas (Table I). 
DISCUSSION 
The following anoplocephaline genera are currently considered 
as parasites of lagomorph species: Andrya Railliet, 1893, 
Cittotaenia Riehm, 1881, Diuterinotaenia Gvozdev, 1961, Ecto-
pocephalium Rausch and Ohbayashi, 1974, Genovia Haukisalmi, 
2009, Leporidotaenia Genov, Murai, Georgiev and Harris, 1990, 
Mosgovoyia Spasskii, 1951, Neandrya Haukisalmi and Wick-
strom, 2005, Neoctenotaenia Tenora, 1976, and Schizorchis (see 
Spasskii, 1951; Yamaguti, 1959; Rausch and Ohbayashi, 1974; 
Beveridge, 1978, 1994; Genov et aI., 1990; Haukisalmi and 
Wickstrom, 2005; Georgiev et aI., 2006; Haukisalmi, 2009; 
Haukisalmi et aI., 2010). Except for Andrya occurring in 
lagomorphs and rodents (Haukisalmi and Wickstrom, 2005), 
the host range of the remaining genera is restricted to 
representatives of the Lagomorpha (Beveridge, 1994; Georgiev 
et aI., 2006; Haukisalmi, 2009; Haukisalmi et aI., 2010). The 
morphological characters of the 2 above-described anoplocepha-
line species from Chinese leporids (irregularly alternating genital 
pores, position of genital ducts dorsal to osmoregulatory canals, 
pattern of testes distribution, shape and position of ovary, tubular 
appearance of uterus in mature proglottids) correspond to the 
diagnosis of Schizorchis (see Hansen, 1948; Spassky, 1951; 
Yamaguti, 1959; Rausch and Smirnova, 1984; Beveridge, 1994). 
Species of Schizorchis Hansen, 1948 have been reported from 
pikas, Ochotona spp., in both Asia and North America (Hansen, 
1948; Spassky, 1951; Rausch, 1960, 1963; Rausch and Smirnova, 
1984; Tinnin et aI., 2008). Prior to the present study, species of 
Schizorchis have not been recorded from leporids, and it is 
considered that Schizorchis spp. are specific to the hosts of the 
Ochotonidae (Rausch and Smirnova, 1984; Beveridge, 1994). Our 
observations indicate that rabbits and hares are also hosts of 
Schizorchis spp. Therefore, species of Schizorchis must now be 
considered specific to lagomorphs, not just to those of the 
Ochotonidae. 
Interestingly, the extra set of reproductive organs frequently 
occurs in some proglottids of each species from leporid. Tenora 
and Murai (1978) demonstrated variations in the number of 
genital sets per proglottid in Anoplocephalidae (Cestoda) 
parasitic in the Leporidae and Sciuridae in Europe. This 
phenomenon must not, therefore, be considered as occasional. 
Variation in the number of genital sets per proglottid occurs in 
all the specimens involved in the present study. The number 
of variations of genital sets can be regarded as a legacy of 
duplication of genitalia during the course of evolution of 
anoplocephaline cestodes, which suggests a clear affinity between 
Schizorchis and Mosgovoyia Spasskii, 1951 sensu Beveridge, 1978. 
Spassky (1951) believed that species of Mosgovoyia were derived 
by a doubling of the genitalia from species of Schizorchis, in which 
the testes lie entirely posterior to the uterus. Rausch and 
Smirnova (1984) pointed out that the ancient origin of Schizorchis 
is indicated by the presence of the closely related Mosgovoyia spp. 
in leporids, which is distinguished only in having duplicated 
genital organs. Wickstrom et aI. (2005) proposed a hypothesis for 
the phylogenetic interrelations among anoplocephalids from 
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rodents and lagomorphs, which was based on molecular data 
(sequences of the cytochrome c oxidase I gene, the 28S rRNA 
gene and the internal transcribed spacer region I of rRNA). They 
pointed to Mosgovoyia and Schizorchis as sister groups and 
adopted the suggestion that their divergence had been accompa-
nied by genital duplication in Mosgovoyia. Haukisalmi et aI. 
(2010) proposed more detailed phylogenetic analysis based on 
sequences of 28S ribosomal RNA and mitochondrial NADH 
dehydrogenase subunit 1 genes and involving more extensive 
species sampling. They considered that M. pectinata (Goeze, 
1782) and S. caballeroi are sister species, and proposed that 
Schizorchis spp., with a single set of genitalia, would have arisen 
from a Mosgovoyia-like ancestor with a double set of genitalia, in 
contrast to the general assumption. If this hypothesis is correct, 
then the frequent occurrence of proglottids with double genital sets 
in Schizorchis spp. from Chinese leporids should be considered 
vestigial, i.e., having an intermediate position between the 
plesiomorphic presence of 2 sets of genital organs and the derived 
state characterized by a single reproductive set. 
Although the change in the number of genital sets has clearly 
been a frequent phenomenon in the evolution of the anoplocepha-
line cestodes (Beveridge, 1994), detailed phylogenetic pathways of 
this character cannot yet be inferred from the existing, still 
incomplete, data. However, no matter whether Mosgovoyia (from 
leporids) originated from Schizorchis-like ancestor or Schizorchis 
(previously known only from pikas) originated from Mosgovoyia-
like tapeworms, the present discovery of Schizorchis spp. in 
leporids seems to fill the "missing link" in the evolution of this 
anoplocephaline clade. 
According to Gureev (1964), the ancestral group of Lagomor-
pha originated in Central Asia, from where they have, several 
times, invaded other continents. The formation of the contempo-
rary leporid fauna, according to both Gureev (1964) and Luo and 
Feng (1981), began in the Pleistocene. During Pleistocene periods 
of glaciations, organisms of Eurasia were able to spread east into 
North America within the limits of the glacier-free region 
(Rausch, 1994). Studying another parasite group closely associ-
ated with lagomorphs, the nematode genera of the Nematodir-
inae, parasitic in Lagomorpha and Artiodactyla, Hoberg (2005) 
found that the initial diversification of the group may coincide 
with the divergence of ochotonids and leporids, which is linked to 
a single colonization event from a leporid host. This scenario 
seems also congruent with the diversification of the anoplocepha-
line of lagomorphs, with species of Diuterinotaenia and Ectopo-
cephalium restricted to ochotonids and species of Cittotaenia, 
Genovia, Leporidotaenia, Mosgovoyia, Neandrya, and Neocteno-
taenia occurring only in leporids. The narrow host specificity of 
these genera indicates a long period of coevolution with the 
relevant host group. A remarkable exception is the genus 
Schizorchis occurring in hosts of both families, which may 
indicate its origin before the diversification of the Lagomorpha. 
The present distribution of Schizorchis spp. in leporids is probably 
relict and should be regarded as a vestige for a wider range during 
the Pleistocene. However, further evidence is needed to support 
this hypothesis. 
China is situated at the center of Central Asia's biodiversity, 
and it overlaps the Palaearctic and Oriental biogeographical 
realms. Because of its vast territory and diversity of climatic, 
hydrologic, and geomorphologic conditions, it may harbor 
hidden biological diversity. Outside China, the endoparasite 
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fauna of rodents and lagomorphs, particularly in Europe and 
North America, has been intensely studied, but modern extensive 
surveys for biodiversity in China are still lacking. Of the 
approximately 27 species of Lagomorpha (17 species of Ochotona 
and 9 species of Lepus; not including the species of domestic 
rabbits) that are currently known from the country (Feng and 
Zheng, 1985; Luo, 1990), only 8 have been examined for 
helminths. Of those species, the numbers of individuals examined 
are very limited. The species described here, S. sinensis and S. 
oryctolagi, may also occur in other areas of the country as well as 
in other hosts. This is especially valid for the domestic rabbits, 
which are widespread throughout the world, although no species 
of Schizorchis has been recorded from them. It cannot be excluded 
that in China this host acquired a parasite occurring in native 
leporid species. Therefore, it is to be expected that helmintholog-
ical investigations into the other representatives of the Leporidae, 
particularly in insufficiently studied regions of China, will 
substantially improve our knowledge of the diversity, specificity, 
and evolution of the anoplocephaline cestodes. 
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THE GENUS GUERREROSTRONGYLUS (NEMATODA: HELIGMONELLIDAE) IN 
CRICETID RODENTS FROM THE ATLANTIC RAIN FOREST OF MISIONES, ARGENTINA: 
EMENDED DESCRIPTION OF GUERREROSTRONGYLUS ZETTA (TRAVASSOS, 1937) 
AND DESCRIPTION OF A NEW SPECIES 
Marla Celina Digiani, Juliana Notarnicola*, and Graciela T. Navone* 
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ABSTRACT: Two species of Guerrerostrongylus Sutton and Durette-Desset, 1991, are reported in cricetid rodents from the Atlantic 
rain forest of Misiones, Argentina. Guerrerostrongylus zetta (Travassos, 1937) is redescribed on the basis of material collected from 
Oligoryzomys nigripes from Argentina and material loaned by CHIOC from Brazil. It is characterized by a synlophe with about 40-45 
(35-48) well-developed cuticular ridges, caudal bursa with long rays 6 and dorsal ray divided at mid-length, and well-sclerotized 
spicules with marked twisting. It was found with a prevalence of 100% in 0. nigripes (14 hosts examined); however, it was not found in 
its type host Nectomys squamipes (4 hosts examined). Guerrerostrongylus ulysi n. sp., which is described from Sooretamys angouya, 
differs from the remaining species in the genus mainly by a synlophe with a strong reduction of the cuticular ridges and struts on the 
right side, and by a heart-shaped caudal bursa, with short rays 6 and a dorsal ray divided distally. It was found with a prevalence of 
100% in 5 hosts examined. 
The genus Guerrerostrongylus Sutton and Durette-Desset, 1991 
(Trichostrongylina, Nippostrongylinae), is presently composed of 
2 nominal species, i.e., the type species Guerrerostrongylus 
uruguayensis Sutton and Durette-Desset, 1991, described from 
Oligoryzomys j7.avescens (Waterhouse, 1837) (Cricetidae) in 
Uruguay (Sutton and Durette-Desset, 1991), and Guerrerostron-
gylus zetta (Travassos, 1937), described in a host referred to as 
"rato rape" from Angra dos Reis, Estado do Rio, Brazil 
(Travassos, 1937). The latter species was subsequently reported 
in Brazil from at least 6 different host species (Pinto et aI., 1982; 
Gomes et aI., 2003, Simoes et aI., 2011). 
Despite the numerous findings of G. zetta, the species has not 
been re-described, and its synlophe remained hitherto unknown. 
During a survey on parasites of cricetid rodents from the rain 
forest of Misiones, Argentina, specimens belonging to Guerrero-
strongylus were found in 2 Oryzomyini: Sooretamys angouya 
(Fischer, 1814) and Oligoryzomys nigripes (Olfers, 1818). The 
parasites from S. angouya were recognized as a new species, which 
is described herein. The parasites from O. nigripes were identified 
as G. zetta, for which an emended description is provided. 
MATERIALS AND METHODS 
Twenty-three rodents belonging to 3 species (Sooretamys angouya, n = 
5, Oligoryzomys nigripes, n = 14, and Nectomys squamipes, n = 4) were 
examined. They were captured with Sherman traps at different localities: 
Reserva UNLP Valle del Arroyo Cuiia Pin! (0. nigripes, n = 13, N. 
squamipes, n = 1), Reserva Privada de Vida Silvestre Urugua-i (0. 
nigripes, n = 1, S. angouya, n = 1), Puerto Peninsula, Parque Nacional 
19uazu (s. angouya, n = 1), Refugio Mocomi, Reserva de la Biosfera 
Yaboti (s. angouya, n = 2, N. squamipes, n = 2), and Reserva de Usos 
MUltiples Guarani, Municipio El Soberbio (S. angouya, n = 1, N. 
squamipes, n = 1). The nematodes recovered were preserved in 70% 
ethanol. The synlophe was studied following the method of Durette-
Desset (1985). Measurements are given in micrometers except where stated 
otherwise. Measurements for G. zetta are given as follows: mean value 
followed by range in parentheses. If fewer than 3 specimens were 
measured, then the range is given. For the new species, measurements of 
the types are given separated from those of the paratypes by semicolons; 
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paratype means are given with the range enclosed in parentheses. SpLlBL 
and UtLlBL mean the proportion (in percentage) of the spicule length on 
the body length and of the uterus length on the body length, respectively. 
For comparative purposes, material identified as G. zetta from O. 
nigripes from Brazil was obtained on loan from the Helminthological 
Collection of the Instituto Oswaldo Cruz, Rio de Janeiro, Brazil 
(CHIOC), no. 35589. The parasite classification used above the family 
group level is that of Durette-Desset and Chabaud (1993), and the 
nomenclature of the hosts at the species level follows Wilson and Reeder 
(2005) and Weksler et al. (2006). Parasite specimens were deposited in the 
Helminthological Collection of the Museo de La Plata, La Plata, 
Argentina (CHMLP), and rodent specimens were deposited in the 
Mammal Collections of the Museo de La Plata, La Plata, Argentina 
(MLP); Centro Nacional Patag6nico, Chubut, Argentina (CNP); and 
Museo Argentino de Ciencias Naturales, Buenos Aires, Argentina 
(MACN). Other rodents have field number IN. 
EMENDED DESCRIPTION 
Guerrerostrongylus zetta (Travassos, 1937) Sutton and 
Durette-Desset, 1991 
(Figs 1-9) 
General: Medium to large sized nematodes, uncoiled or 
irregularly coiled. Cephalic vesicle well developed. In apical view, 
triangular oral opening surrounded by thick ring; 2 amphids 
observed. Other papillae not seen. Excretory pore situated between 
66% and 84% of esophagus length in males and between 75% and 
81 % in females. At esophagus level, conspicuous cuticular 
dilatation on left side, visible en toto and in transverse section. 
Synlophe (studied in 4 males and 7 females): In both sexes, body 
bearing continuous cuticular ridges with chitinoid struts. Ridges 
appearing just posterior to cephalic vesicle and increasing in 
number mainly on left side up to esophago-intestinal junction, 
disappearing just anterior to caudal bursa in males and between 
vulva and anus in females. At level of distal esophagus: 29-30 
ridges in male, 35-39 in female, all with chitinoid struts, mainly 
orientated from right to left in 2 divergent groups. At mid-body, 
ridges numerous, equidistant, all with chitinoid struts. Mean 
distance between ridges 15 J.l.m. Right ridges slightly smaller than 
dorsal, ventral, and left ridges. Right, dorsal, and ventral ridges 
orientated from right to left in 2 divergent groups. Left ridges 
orientated perpendicularly to body surface. Axis of orientation 
subfrontaI. Number of ridges variable in relation to body 
diameter, barely variable in males, from 40 to 44 ridges (Fig. 1); 
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FIGURES 1-9. Guerrerostrongylus zetta (Travassos, 1937). (1-4) Transverse sections at mid-body. (1) Male, 6.55 mm long, 52% of body length. (2) 
Female, 5.5 mm long and 130 ~m of body diameter, at 57% of body length. (3) Female, 11.7 mm long and 250 ~m of body diameter, at 50% of body 
length. (4) Male, 6.55 mm long, 88% of body length. (5-8) Male. (5) Caudal bursa, ventral view. (6) Spicules in situ, left ventral view. (7) Telamon, 
gubernaculum, and tip of spicules. (8) Genital cone, ventral view. (9) Female, posterior extremity, left lateral view. Abbreviations: R, right, V, ventral. 
All sections orientated as Fig. 1. 
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in females, number strongly variable, from 35 in female, 5.5 mm 
long, and 130 of body diameter, to 48 in female, 11.7 mm long, 
and 250 of body diameter (Figs. 2, 3). Similar to mid-body in 
number and orientation of ridges within posterior third of body 
length, chitinoid struts well developed (Fig. 4). 
Males (based on 23 specimens): Body length 6.75 (4.40-8.40) 
mm and width at mid-body 197 (140-290); cephalic vesicle 56 (35-
70) long and 44 (30-60) wide; nerve ring, excretory pore, and 
deirids situated 234 (190-295), 305 (250-345), and 315 (250-380) 
from apex, respectively; esophagus 401 (345-495) long. Caudal 
bursa sub-symmetrical, ellipsoidal, with dorsal lobe well devel-
oped and pattern of type 2-2-1 tending to 1-3-1 (Durette-Desset 
and Digiani, 2012). Rays 2 and 3 directed forwards, rays 2 
shorter, curved inwards, not reaching bursal margin. Rays 4 
slightly longer than rays 5, both divergent at extremities, rays 4 
directed forwards, rays 5 straight or slightly curved backwards. 
Rays 6 arising from common trunk of rays 4--6 proximal to rays 3. 
Rays 6 long, reaching bursal margin. Rays 8 arising from 
proximal quarter of dorsal ray and shorter than it, not reaching 
bursal margin. Dorsal ray long, divided at about mid-length into 
2 branches, each branch giving rise to 2 small branches, rays 9 
(external branches) and rays 10 (internal branches) (Fig. 5). 
Spicules thin, well sclerotized, usually strongly twisted, 1,115 
(750-1,420) long, with sharp tips (Fig. 6). Ratio SpLlBL: 16.7% 
(9.8-21.6%). Gubernaculum 36 (28-40) long and 19 (15-25) wide 
(n = 5). Telamon well sclerotized, triangular (Fig. 7). Genital 
cone blunt, poorly developed. Papilla zero large and pedunculated 
on ventral lip, papillae 7 small and sessile on dorsal lip (Fig. 8). 
Females (based on 27 specimens): Body length 9.17 (5.50-13.70) 
mm and width at mid-body 197 (100-290); cephalic vesicle 55 (35-
65) long and 43 (35--60) wide; nerve ring, excretory pore, and 
deirids situated at 169 (130-285), 345-380, and 253 (235-275) 
from apex, respectively; esophagus 411 (350-500) long. Mono-
delphic. Vulva at 176 (112-255) from caudal extremity; vagina 
vera 21 (15-25), vestibule 232 (160-310) long, sphincter 52 (40-65) 
long and 52 (40-80) wide, infundibulum 225 (160-315) long; 
uterus 1,230 (800-1,560) long, containing 28 (6-50) eggs. UtLlBL 
16.1 % (9.5-22.4%). Tail conical, 70 (40-100) long (Fig. 9). Eggs 
55-72 long and 38-45 wide. 
Taxonomic summary 
Synonyms: Longistriata zetta Travassos, 1937; Hassalstrongylus 
zeta (Travassos, 1937) Durette-Desset, 1971; Guerrerostrongylus 
zeta (Travassos, 1937) Sutton and Durette-Desset, 1991. 
Host: Oligoryzomys nigripes (Olfers, 1818) (Rodentia, Criceti-
dae, Sigmodontinae). 
Site of infection: Small intestine. 
Localities: Reserva UNLP Valle del Arroyo Cufia Piru 
(27°05'15"S, 54°57'09''W), Arist6bulo del Valle, Depto. Cainguas 
(MLP 6XI.09.81, CNP 1869 (JN432), CNP 1883 (JN436), CNP 
1802 (JN445), CNP 1859 (JN450), JN467 , CNP 1887 (JN475), 
JN488, CNP 1820 (JN503), JN516, CNP 1886 (JN521), JN531, 
JN577), and Reserva Privada de Vida Silvestre Urugua-i (25"59'S, 
54°05'W), Depto. General Manuel Belgrano (MACN 22.260), 
Misiones, Argentina. 
Prevalence and mean intensity of infection: Prevalence 100% (14 
hosts examined); mean intensity 16.2 (range 1-78) worms per host. 
Specimens deposited: From Cufia Piru: CHMLP 6506 (7 males, 
5 females), CHMLP 6507 (6 males, 6 females), CHMLP 6508 
(5 males, 3 females), CHMLP 6509 (2 females), CHMLP 6510 
(9 males, 5 females), CHMLP 6511 (1 male), CHMLP 6512 
(2 females), CHMLP 6515 (6 males, 9 females),CHMLP 6516 
(2 males, 5 females), CHMLP 6517 (5 males, 12 females), 
CHMLP 3508 (1 male). From Urugua-i: CHMLP 6518 (30 males, 
43 females). 
Additional material: CHIOC No. 35589 from Oligoryzomys 
nigripes, Brazil. 
Co-parasitism: With the exception of host MACN 22.260, all 
the rodents examined harbored in the small intestine a second 
heligmonellid species, apparently assignable to Stilestrongylus, 
but still unidentified at the species level. One host (CHMLP 6510) 
also harbored specimens assignable to Trichofreitasia Sutton and 
Durette-Desset, 1991, probably Trichofreitasia lenti Sutton and 
Durette-Desset, 1991. 
Remarks 
Our specimens correspond well by morphometric and morpho-
logical characters to the species described by Travassos (1937) as 
Longistriata zetta. Travassos (1937) carefully described and 
illustrated characters as the shape and pattern of the caudal 
bursa, morphology of the spicules, gubernaculum, and telamon, 
all of which allow the identification of the present specimens to his 
species; however, he described the species as having about 16 
longitudinal lines and 2 median alae. Though this description does 
not correspond to the synlophe described here, these alae can be 
probably interpreted as the cuticular dilatations, which are 
characteristic of the larger specimens, and which are supported 
by more cuticular ridges. The type material of L. zetta is deposited 
in the Helminthological Collection of the Instituto Oswaldo Cruz 
(CHIOC), Rio de Janeiro, Brazil. By a specific regulation of the 
CHI ~C, the type material is not available on loan but only for en 
loco examination (M. Knoff, pers. comm.). For this reason, only 
voucher specimens of this species from o. nigripes from Brazil 
were obtained for examination. The specimens examined from the 
CHIOC also correspond to the description of Travassos (1937), 
and to the specimens studied here in all morphological characters, 
including the synlophe. 
Longistriata zetta was transferred first to Hassalstrongylus by 
Durette-Desset (1971) and later to Guerrerostrongylus by Sutton 
and Durette-Desset (1991), even when its synlophe was unknown, 
mainly based on the characters of the caudal bursa and body size. 
The present description of the synlophe, characterized by a high 
number of cuticular ridges, subequal in size and mainly 
perpendicular to body surface at mid-body, therefore, confirms 
the inclusion of the species in Guerrerostrongylus as it was defined 
by Sutton and Durette-Desset (1991). 
The original spelling zetta for the specific epithet is adopted 
here. The species was described by Travassos (1937) as Longi-
striata zetta, although in the illustrations the spelling zeta is 
utilized. Subsequent authors (Skrjabin et aI., 1954; Mawson, 1961; 
Yamaguti, 1961; Durette-Desset, 1971; Sutton and Durette-
Desset, 1991; Digiani et aI., 2007) corrected the spelling to zeta. 
However, Singh (1967) claimed the validity of the original name 
zetta, arguing that, according to the International Code of 
Zoological Nomenclature (Stoll et aI., 1961), incorrect transliter-
ation or latinization are not to be considered inadvertent errors, 
and then they cannot be emended. The arguments of Singh (1967) 
are here revalidated, and based on the Article 32.5.1 of the 
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International Code of Zoological Nomenclature (1999), the 
original name zetta is readopted. 
DESCRIPTION 
Guerrerostrongylus ulysi n. sp. 
(Figs. 10-21) 
General: Medium sized nematodes, uncoiled or coiled irregularly. 
Cephalic vesicle well developed. In apical view, triangular oral opening 
surrounded by thick ring and 2 amphids observed. Other papillae not 
observed (Fig. 11). Excretory pore situated between 69% and 83% of 
esophagus length in males and between 54% and 67% in females. Deirids 
situated at same level as excretory pore or slightly posterior to it (Fig. 10). 
At esophagus level, conspicuous cuticular dilatation on the left, visible en 
toto and in transverse section. 
Synlophe (studied in 3 males and 3 females, para types ): In both sexes, 
body bearing longitudinal cuticular ridges appearing just posterior to 
cephalic vesicle, increasing in number mainly on left side within first third 
of body length. Ridges sensu stricto (salient ridges) disappearing at 
different levels of body leng1h; right ridges from about mid-body and 
dorsal, ventral, and left ridges within distal third of body. At level of distal 
esophagus: 28-31 ridges in male, 28-33 in female, all with chitinoid struts. 
Right, dorsal, and ventral ridges orientated from right to left in 2 divergent 
groups. Left ridges orientated perpendicularly to body surface. Axis of 
orientation subfrontal (Figs. 12, 13). At mid-body: number of ridges 
variable in relation to body diameter. Less variable in males (42-44 ridges) 
where differences in size are less marked; more evidenced in females, which 
show a broader range of measurements (see below): 33-34 ridges in young 
female 5.5 mm long and 110 of body diameter, 40-46 in females more than 
1.0 mm long and 160-230 of body diameter. Dorsal, ventral, and left 
cuticle bearing ridges with chitinoid struts, barely salient and mainly 
orientated perpendicularly to body surface. Dorsal and ventral struts 
slightly smaller than left ones. On right and right ventral sides: ridges 
absent and cuticle smooth (Figs. 14, IS); in some sections, struts absent 
(Fig. 14); in other sections, minute chitinoid struts present, not reaching 
por projecting on the external surface (Fig. IS). Within posterior third of 
body length, similar to mid-body: dorsal and left cuticle practically 
without salient ridges, struts reaching irregularly the surface. On right and 
right ventral sides: cuticle smooth (Figs. 16, 17); in some sections, struts 
absent (Fig. 17); in other sections, minute chitinoid struts not reaching nor 
projecting on the external surface (Fig. 16). Right struts may be more 
developed at ovejector level in the female, but never projecting on the 
surface. Longitudinal rows of not projecting struts also visible en toto, 
disappearing just in front of the caudal bursa in male and between vulva 
and anus in female. 
Males (based on holotype and 10 para types, except as indicated): Body 
leng1h 7.00; 6.81 (5.35-8.20) mm and width at mid-body 200; 148 (130-
180); cephalic vesicle 75; 66 (60-72) long and 45; 45 (40-50) wide; nerve 
ring, excretory pore, and deirids situated at 210; 200 (165-240), 310; 299 
(250-340) (n = 6), and 310; 314 (280-330) (n = 4) from apex, respectively; 
esophagus 410; 407 (380-450) long. Caudal bursa subsymmetrical, heart-
shaped, with dorsal lobe well developed and pattern of type 2-2-1 tending 
to 1-3-1 (Durette-Desset and Digiani, 2012). Rays 2 and 3 directed 
forwards, rays 3 slightly longer than rays 2. Rays 4 longer than rays 5, 
both divergent at extremities, rays 4 directed forwards, rays 5 straight. 
Rays 6 arising from common trunk ofrays 4-6 at same level than rays 3 or 
slightly proximal. Rays 8 arising from proximal quarter of dorsal ray and 
shorter than it. Dorsal ray long, divided at about distal quarter into 2 
branches, each branch giving rise to 2 small branches, rays 9 (external 
branches) and rays 10 (internal branches) (Fig. 18). Spicules thin, poorly 
chitinized and sometimes difficult to observe, 530; 551 (455-665) long, 
with sharp tips. SpLlBL: 7.6%; 8.2 (6.4-9.5)%. Gubernaculum present, 
hardly visible, 25; 29 (25-32) long and 12; 15 (15-15) wide (n = 3). 
Telamon absent. Genital cone rather poorly developed, 40; 54 (40-65) 
long and 30; 40 (35-45) wide at base (n = 4). Papilla zero not observed, 
but papillae 7 visible on dorsal lip (Fig. 19). 
Females (based on allotype and 14 para types, except indication): Body 
length 12.25; 10.96 (5.50-13.10) mm long and width at mid-body 200; 182 
(110-250). Larger females (>10 mm long), usually very opaque and 
internal organs difficult to observe even after long diaphanization. 
Cephalic vesicle 70; 63 (50-72) long and 45; 45 (35-50) wide; nerve ring, 
excretory pore, and deirids situated at 190; 178 (145-200) (n = 8),255; 289 
(235-310) (n = 7), and 255; 286 (245-320) (n = 6) from apex, respectively; 
esophagus 460; 438 (370-550) long. Monodelphic. Vulva at 215; 212 (110-
250) from caudal extremity (n = 10); vagina vera 25; 24 (15-30) (n = 5), 
vestibule 120; 127 (100-160) long (n=l1), sphincter 50; 46 (40-50) long 
and 40; 45 (40-50) wide (n=l1), infundibulum 240; 203 (165-240) long (n 
= 5); uterus 2,100; 1,960 (600-2,800) long, containing 145, 117 (20-170) 
eggs. UtLlBL 17.1; 17.7 (10.9-24.3)%. Posterior extremity straight or 
slightly curved ventrally at vulvar level, then dorsally at level of anus 
(Fig. 20). Tail conical, 45; 44 (40-50) long (n=l1) (Fig. 20). Six of 26 
females observed (allotype, 3 paratypes, and 2 vouchers) had a vulvar 
cork, 200; 123 (30-210) long and 40; 27 (10-40) thick (Fig. 21). Eggs 72-75 
(65-80) long by 50 (38-50) wide. 
Taxonomic summary 
Type host: Sooretamys angouya (Fischer, 1814) (Cricetidae, Sigmodon-
tinae) (MACN 22.263). 
Site of infection: Small intestine. 
Type locality: Reserva Privada de Vida Silvestre Urugua-i (25°59'S, 
54°05'W), Depto. General Manuel Belgrano, Misiones, Argentina. 
Other hosts and localities: One Sooretamys angouya from Puerto 
Peninsula, Parque Nacional Iguazil (25° 40'S, 54°38'W), Depto. Iguazu 
(MLP 24.VIII.00A). Two S. angouya from Refugio Mocomi, N Oveja 
Negra y Ruta 2, Reserva de la Biosfera Yaboti (27°08'S, 53°55'W), Depto. 
Guarani (CNP 2524, CNP 2525), and 1 S. angouya from Reserva de Usos 
Multiples Guarani, Municipio EI Soberbio (26°55'S, 54°12'W), Depto. 
Guarani, (CNP 2529), Misiones, Argentina. 
Prevalence and mean intensity: Prevalence 100% (5 hosts examined); 
mean intensity 19.6 (range 2-45) worms per host. 
Type material: Holotype male CHMLP 6519, allotype female CHMLP 
6520, 30 paratypes (13 males, 17 females) CHMLP 6521. 
Other material deposited: CHMLP 6523 (I male, I female) and CHMLP 
6524 (10 males, 20 females) from Mocomi; CHMLP 6525 (2 males) from 
EI Soberbio. 
Etymology: The specific name ulysi is dedicated to Dr. Ulyses F.J. 
Pardifias, a young and recognized mammalogist from Argentina, a 
specialist on the systematics of Neotropical rodents, also our colleague 
and friend. 
. Co-parasitism: Four of the hosts examined harbored in the small 
intestine other heligmonellid species (from I to 3), all assignable to the 
Nippostrongylinae (3 species in CNP 2524; 1 species in CNP 2525 and 
MLP 24.VIII.00A, 2 species in CNP 2529). These species are still 
unidentified at the genus level, their identification depending on the 
quantity and quality of the specimens available. 
Remarks 
Specimens parasltIzmg S. angouya correspond to a species of 
Guerrerostrongylus as defined by Sutton and Durette-Desset (1991) by 
their large body size, the high number of cuticular ridges, subequal in size 
and mainly perpendicular to body surface at mid-body, and the caudal 
bursa with dorsal lobe hypertrophied. 
These specimens show a particular synlophe in which the salient ridges 
(ridges sensu stricto), first on the right side and then on the rest of the body 
diameter, decrease in height from about mid-body, and finally disappear. 
However, most of their intracuticular struts persist. The rows of persistent 
intracuticular struts are also visible en toto, through the cuticle, giving the 
appearance of "true" ridges all along the body. By these reason, and in 
order to facilitate the comparison with other species in the genus, they 
account for the total number of ridges. 
The struts on the dorsal, ventral and left sides are always present and 
well visible, but within the distal third of body length they reach 
irregularly the surface and are usually not salient. On the right side, on the 
second half of the body, the cuticle is smooth; in some sections minute 
intracuticular projections never reaching the external surface are still 
visible in the positions corresponding to the ridges just disappeared. In 
other sections, at a similar body level, the struts are also absent. The exact 
level of the disappearance of the ridges sensu stricto and the extent of the 
development of the remaining struts varies with the specimens. 
A similar condition was previously described in the type species G. 
uruguayensis, where, from about 500 IJlIl in front of the caudal bursa in 
male, and on the posterior cuticular inflation in the female, the struts 
("aretes" in the original French text) do not project on the body surface. 
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FIGURES 10-21. Guerrerostrongylus ulysi n. sp. (10) Anterior extremity, left lateral view. (11) Female, head, apical view. (12-17) Transverse sections 
of the body. (12,13) At esophagus level. (12) Male, 400 nun from apex. (13) Female, 450 mm from apex. (14,15) At mid-body. (14) Male, 50% of body 
length. (15) Female, 55% of body length. (16, 17) Within posterior part of body. (16) Male, 300 ILm in front of caudal bursa. (17) Female, at first third of 
uterus length (85% of body length). (18) Male, caudal bursa, ventral view. (19) Male, genital cone, gubernaculum, and tip of spicules. (20) Female 
without vulvar cork, posterior extremity, left lateral view. (21) Female with vulvar cork, posterior extremity, left lateral view. Abbreviations: R, right, V, 
ventral. All sections orientated as Fig. 12. 
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The authors ignored if this condition was a specific character or an artifact 
due to the fixation (Sutton and Durette-Desset, 1991). Interestingly, these 
"not projecting" struts, which are well developed, are evident only on I 
side of the transverse body sections, though this is not mentioned in the 
text. Figure 11 of G. uruguayensis represents the "not projecting" struts on 
the right side, whereas Figure I L represents these struts on the left side. 
We consider that Figure IL of Sutton and Durette-Desset (1991) is not 
correctly orientated and that the "not projecting" struts of G. uruguayensis 
may be interpreted as homologous to the right struts of the specimens 
studied here. These not-projecting struts can be, therefore, confirmed as a 
valid character, present hitherto in 2 of the 3 described species of 
Guerrerostrongylus. 
Guerrerostrongylus ulysi n. sp. differs, however, from G. uruguayensis by 
the strong reduction of the right struts in the second half of the body 
length, by the heart-shaped caudal bursa, with dorsal ray hypertrophied 
and longer than rays 6, rays 6 shorter than rays 8, spicules shorter, and a 
lesser SpLlBL (6.4-9.5% versus 12.1 %). It also differs from G. zetta by the 
larger body size of the females, the shape of the caudal bursa (heart-
shaped versus ellipsoidal in G. zetta), the dorsal ray bifurcated at its distal 
third, spicules straight and weakly sclerotized (well sclerotized and 
markedly twisted in G. zetta), the lesser SpLlBL (G. zetta: 13.7% in the 
original description, mean 16.7% in the present redescription), and the 
strong reduction of the ridges and struts of the synlophe in the second half 
of the body length (G. zetta: synlophe with 35-48 ridges, well developed all 
along the body length, after the present redescription). 
The females of the new species also differ from females identified as 
Guerrerostrongylus sp. described from Akodon simulator (Thomas, 1816) 
(Cricetidae) in Tucum{m, Argentina (Digiani et aI., 2007), by the reduction 
of the ridges and struts of the synlophe (Guerrerostrongylus sp.: 49-56 
ridges with well-developed struts) and by the shape of the caudal extremity 
(straight and with cuticular inflations in G. ulysi, twisted 90° to the right 
and without cuticular inflations in Guerrerostrongylus sp.) (Digiani et aI., 
2007). 
DISCUSSION 
The finding of 2 different species of Guerrerostrongylus in 
Misiones (Argentina) enlarges the known geographic and host 
distribution for the genus, with S. angouya representing a new 
host record. 
The host-parasite relationships and geographic distribution of 
species of Guerrerostrongylus are still not clearly established since 
the genus has been described recently and only 3 nominal species 
have been described. On the other hand, some of the records that 
are not accompanied by minimal descriptions or illustrations 
should require confirmation. 
Guerrerostrongylus ulysi n. sp. was until now only found in 
Sooretamys angouya from Misiones. The type species, G. 
uruguayensis, was until now reported in Oligoryzomys jlavescens 
from Uruguay and in Akodon simulator from Tucuman (North-
west Argentina), though data regarding prevalences and intensi-
ties of infection are unknown (Sutton and Durette-Desset, 1991; 
Digiani et aI., 2007). 
Guerrerostrongylus zetta seems until now as the species of 
Guerrerostrongylus with broadest host and geographical range. In 
the original description of the species from Angra dos Reis, 
Estado do Rio (Brazil), Travassos (1937) referred to the host as 
"rato rape," without a specific name. However, available 
information from the CHIOC indicates that the type series was 
harbored in Nectomys squamipes (Brants, 1827) (Cricetidae) (M. 
Knoff, pers. comm.). Subsequently, the species was reported in 
Brazil from the Goias and Bahia states in N. squamipes, 
Cerradomys subjlavus (Wagner, 1842) (identified as Oryzomys 
subjlavus), Oligoryzomys nigripes (Olfers, 1818) (partially identi-
fied as Oryzomys eliurus or Oligoryzomys eliurus) (Cricetidae), 
and Galea spixii (Wagler, 1831) (Caviidae) (Pinto et aI., 1982). 
Numbers for prevalence or intensities of infection in these hosts 
were not provided. 
The species was also reported from the Brazilian Atlantic 
Forest of Rio de Janeiro in Euryoryzomys russatus (Wagner, 1848) 
(identified as Oryzomys intermedius), Akodon cursor Winge, 1887, 
and Oligoryzomys nigripes (Cricetidae) (Gomes et aI., 2003; 
Simoes et aI., 2011), with the following values of prevalence and 
mean intensity: E. russatus, P = 54.5%, MI = 45.7 (n = 11) 
(Gomes et aI., 2003); A. cursor, P = 28%, MI = 17.6 (n = 14) 
(Gomes et aI., 2003) and P = 4%, MI = 1 (n = 18) (Simoes et aI., 
2011); 0. nigripes, P= 57.1%, MI = 10.7 (n = not specified) 
(Gomes et aI., 2003) and P = 21.4%, MI = 30.8 (n = 56) (Simoes 
et aI., 2011). In the present study the prevalence of G. zetta among 
0. nigripes was 100%, with MI = 16.2 (n = 14) from 2 different 
localities of the Misiones rain forest. 
It is interesting to note that even when N. squamipes is indicated 
as the type host of G. zetta, Gomes et aI. (2003) examined 25 N. 
squamipes from the Brazilian Atlantic Forest in the Rio de Janeiro 
state, with negative results for G. zetta, and similar results were 
obtained during this work, on 4 specimens of N. squamipes from 3 
different localities from the Misiones rain forest. 
The values accounted above show that G. zetta is undoubtedly 
one of the dominant species of the helminth community of 0. 
nigripes, and that it is also a main component of the helminth 
community of A. cursor and E. russatus (see also Simoes et aI., 
2011). In contrast, the status of its association with N. squamipes 
requires confirmation, but it seems to be rather occasional, or at 
least less frequent. 
Co-parasitism within species of Guerrerostrongylus seems not to 
be frequent. In the present study and in those by Brazilian authors 
involving several hosts examined (Pinto et aI., 1982; Gomes et aI., 
2003; Simoes et aI., 2011), each host species studied was 
parasitized by only 1 species of Guerrerostrongylus. A particular 
case is that of the females identified as Guerrerostrongylus sp. 
found in Akodon simulator from Tucuman (northwest Argentina). 
They showed a synlophe with 49-56 ridges well developed and the 
tail twisted 90° to the right, but in the absence of other diagnostic 
characters, due to the opacity of the specimens, they could not be 
identified to or exciuded from any of the known species of the 
genus (Digiani et aI., 2007). Males of G. uruguayensis were 
identified from the same host species in the same work (Digiani et 
aI., 2007), and it is likely that those females correspond actually to 
G. uruguayensis. However, these identifications were made on 
deposited material with insufficient collection data on the hosts 
examined and their individualization. The presence of 1 or 2 
different species of Guerrerostrongylus in A. simulator will be 
confirmed only with the examination of newly collected material 
from several individual hosts. 
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A NEW MICROPHALLID (DIGENEA) SPECIES FROM LONTRA PROVOCAX (MAMMALIA: 
MUSTELIDAE) FROM FRESHWATER ENVIRONMENTS OF NORTHWESTERN 
PATAGONIA (ARGENTINA) 
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ABSTRACT: A new microphallid species of Maritrema is described from the native southern river otter, Lontra provocax (Thomas). A 
naturally infected otter was found dead in the Nahuel Huapi National Park, Argentina. Ovigerous adult worms were recovered from 
the anterior portion of the intestine. Specimens of Maritrema huillini n. sp. have an unarmed genital pore and glabrous cirrus. They can 
be distinguished from all other species in the genus by having a long intestinal ceca extending up to three-quarters of the testes length to 
the level of the posterior border of the testes and a metraterm composed of a proximal sphincter, a non-muscular sac, and a distal 
muscular portion. This microphallid is the first species recovered from a South American eutherian host and the first digenean 
recorded for L. provocax. 
In South America, most species of Maritrema have been 
described from birds (Deblock, 1971; Werding, 1973; Etchegoin 
and Martorelli, 1997; Cremonte and Martorelli, 1998; Diaz and 
Cremonte, 2010). Maritrema pulcherrima Travassos, 1929 is the 
only species in South America described from a mammal; it 
parasitizes Didelphis aurita Wied-Neuwied, 1826 from Brazil 
(Deblock, 1971). 
In South America, 3 endemic otter species of Lontra are known 
to occur, i.e., Lontra felina (Molina, 1782), Lontra longicaudis 
(Olfers, 1818), and Lontra provocax (Thomas, 1908). The latter 
species, also known as the southern river otter, or huillin, inhabits 
Argentina and Chile between 36°S and 55°S (Fasola et aI., 2006; 
Cassini et aI., 2010). This species is predominantly freshwater and 
is typically found in large and small lakes, rivers, and streams. 
According to Appendix I of the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora (also 
known as CITES), L. provocax is classified as endangered 
(Sepulveda et aI., 2008). The southern river otter is an aquatic 
specialist, preying mainly on macrocrustaceans like species of 
Aegla and Samastacus and, to a lesser extent, on fish (Medina, 
1997). This otter's distribution is characterized by the presence of 
crustacean prey, the absence of people, and the occurrence of 
introduced Neovison vison, the American mink (Fasola et aI., 
2006). In South America, only a few parasitological surveys have 
been performed on mustelids, but particularly on Lontra spp. in 
Brazil. The parasites recorded were mainly nematodes, acantho-
cephalans, and digeneans (Lariviere, 1998; Gardner and Thew, 
2006; Vieira et aI., 2008; Dronen, 2009). No helminth parasites 
have been reported from the endemic L. provocax in Chile or 
Argentina (Olmos and Munoz, 2006; Lunaschi and Drago, 2007). 
The purpose of the present study is to describe a new species of 
Maritrema from a naturally infected L. provocax found in a 
freshwater northwestern Patagonian habitat. 
MATERIALS AND METHODS 
During autumn of 2010, a single specimen of L. provocax was found 
dead in the Pichi Traful River (40040'S, 71°24'W) in the Nahuel Huapi 
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National Park, Argentina. It was frozen until necropsy. Helminth 
parasites recovered were fixed in 10% formalin. Specimens were stained 
with Gomori's trichrome or hydrochloric carmine and mounted (dorsal or 
ventral) in Canada balsam. Measurements of intestinal ceca, metraterm, 
cirrus sac, and seminal vesicle were made using a calibrated curvimeter 
with camera lucida drawings. Drawings were also made using a camera 
lucida. All measurements are given in micrometers with the mean value 
followed by the range in parentheses. 
Specimens were deposited in the Coleccion Nacional de Parasitologia, 
Museo Argentino de Ciencias Naturales Bernardino Rivadavia, Buenos 
Aires, Argentina (MACN-Pa); Coleccion Helmintologica del Museo de La 
Plata, La Plata, Argentina (CHLMP); and Coleccion Parasitologica de la 
Universidad Nacional del Comahue, Bariloche, Argentina (UNCo-Pa). 
DESCRIPTION 
Maritrema huillini n. sp. 
(Fig. 1) 
Diagnosis (measurement based on 20 specimens): Body flattened, 
pyriform, 656 (538-758) long by 290 (259-326) wide at level of testes. 
Spines not observed. Oral sucker subterminal, 51 (41-58) long by 57 (46-
65) wide. Ventral sucker equatorial, 46 (41-53) long by 49 (46-58) wide. 
Sucker ratio (ventral sucker:oral sucker) 1.0:0.92 (0.75-1.18). Prepharynx 
20 (7-36) long. Pharynx muscular, 22 (18-24) long by 25 (24-29) wide. 
Esophagus 69 (53-94) long. Intestinal bifurcation at level of mid-fore body; 
intestinal ceca left 412,(361-458) long, right 408 (361-458) long, extending 
up to three-quarters of testes length to level of posterior border of testes. 
Testes oval, symmetrical, post-ovarian, slightly lobed, left testis 83 (72-
115) long by 88 (72-108) wide, right testis 83 (72-101) long by 93 (65-115) 
wide. Vasa deferentia joining close to anterior border of ovary, forming 
vas efferens, which extends dextrally and enters cirrus sac ventrally. Cirrus 
sac muscular, thick-walled, arched, occupying space between ceca and 
ventral sucker, 171 (109-200) long by 45 (36-55) wide, containing seminal 
vesicle, pars prostatic, and cirrus organ. Seminal vesicle occupying distal 
half of cirrus sac, 93 (73-109) long by 31 (27-45) wide. Prostatic cells 
numerous. Ejaculatory duct curved. Cirrus evaginated, glabrous, 28 (22-
33) long by 21 (17-23) wide. Ovary slightly lobed, dextral, sinistral margin 
overlapping ventral sucker, 51 (36-65) long by 64 (41-91) wide. Oviduct 
short. Seminal receptacle spherical, between ovary and right testis, 16 (13-
19) in diameter. Ootype posterior to ovary; Mehlis' gland posterior to 
vitelline reservoir. Laurer's canal present. Vitelline ducts short, merging to 
form small vitelline reservoir situated dorsal to ootype. Vitellarium well-
developed, consisting of small follicles of irregular shape forming a ring 
interrupted posteriorly, extending from middle of body, overlapping 
anterior of testes, surrounding testes and uterus. Uterine loops filling 
posterior space within vitellarium, not extending anteriorly beyond level of 
posterior extremity of ventral sucker. Metraterm in form of proximal 
sphincter, sac with non-muscular wall, 39 (32-45) 1071g by 18 (9-27) wide, 
distal portion with strong muscularized wall, 23 (14-32) long. Genital pore 
sinistral to ventral sucker, simple, unarmed. Eggs numerous; oval, smooth, 
operculate, 19 (17-20) long by 10 (10-10) wide. Excretory vesicle Y-
shaped, excretory pore terminal. 
FIGURE 1. Maritrema huillini n. sp. composite specimen with 
invaginated cirrus (ventral view) obtained from Lontra provocax. Scale 
bar = 100 ~m. 
Taxonomic summary 
Type host: Lontra provocax (Thomas). 
Type locality: Pichi Traful River (40'40'S, 71°24'W) Nahuel Huapi 
National Park (Argentina). 
Site of infection: Anterior intestine. 
Intensity of infection: 5,927 worms. 
Type material: One slide with the holotype, No. 533/1 and 4 slides with 
paratypes, No. 533/2-5 (MACN-Pa); 4 slides with paratypes, No. 6536 
(CHLMP); and 11 slides with paratypes, No. 226/1-11 (UNCo-Pa). 
Etymology: The species name is derived from the common name of the 
host, "huillin." 
Remarks 
The worms collected from L. provocax were identified as a new species 
of Maritrema based on morphological characteristics, i.e., pyriform body, 
subequal suckers, symmetrical and post ovarian testes, intercecal cirrus 
sac, simple unarmed genital pore, and incomplete vitellarium surrounding 
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the testes and uterus (Deblock, 1971, 2008). Maritrema huillini n. sp., 
which has a glabrous cirrus, also has unique characteristics such as long 
intestinal ceca extending up to three-quarters of the testes length to the 
posterior border of testes as well as a metra term composed of a proximal 
sphincter, a non-muscular sac, and a distal muscular portion. 
Maritrema huillini n. sp. is similar to many species that have a glabrous 
cirrus but it differs from them mainly by the extension of the intestinal 
ceca. The new species has a long intestinal ceca extending up to three-
quarters of the testes length to the level of posterior border of testes, 
differing from Maritrema oocysta (Lebour, 1907) (syn.: Maritrema humile 
Nicoll, 1907, Maritrema innae Leonov, 1958); Maritrema nicolli Travassos, 
1920; Maritrema obstipum van Cleave et Mueller, 1932; Maritrema 
ornithorhynchi Hickman, 1955; Maritrema afanassjewi minor Cheng, Hsin 
et Tao, 1957; Maritrema opisthometra Leonov, 1958 (syn.: Maritrema 
elongata Deblock, Capron et Biguet, 1961); Maritrema prolixum Caballero 
et Montero, 1961; Maritrema sobolevi Kurotsckin, 1962; Maritrema 
inusitata Leonov et Tchimbaliouk, 1963; Maritrema laricola Ching, 1963 
(syn.: Maritrema longiforme Kifume et Takao, 1972); Maritrema 
belopolskaiae Caballero, 1964; Maritrema pyrenaica Deblock et Combes; 
1965; and Maritrema orensensis Cremonte et Martorelli, 1998 because they 
have saccular intestinal ceca reaching the posterior border of the cirrus 
sac (Deblock, 1971; Cremonte and Martorelli, 1998). In addition, the 
new species differs from Maritrema linguilla Jaegerskioeld, 1909 (syn.: 
Maritrema lepidum Nicoll 1907); Maritrema pulcherrima Travassos,I929; 
Maritrema macro vestibulum Ogata, 1946; M. afanassjewi Belopolskaia, 
1952; Maritrema macroacetabulum Deblock et Rose, 1964; Maritrema 
apodemicum Lewis, 1966; Maritrema megametrios Deblock et Rausch, 
1968; Maritrema sethsmithi Canaris, 1971; Maritrema majestova Ke, 1976; 
and Maritrema feliui Gracenea, Montoliu et Deblock, 1993 because they 
have acetabular intestinal ceca extending up to of posterior border of the 
ventral sucker (Canaris, 1971; Deblock, 1971; Gracenea et aI., 1993). 
Although Maritrema gratiosum Nicoll, 1907 (syn.: Maritrema arenaria 
Hadley et Castle, 1940), Maritrema subdolum Jaegerskioeld, 1909 (syn.: 
Maritrema rhodanicum Carrere, 1936, Maritrema ovata Rankin, 1939), 
Maritrema sachalinicum Schumakowitsch, 1932, Maritrema acadiae 
Swales, 1933, Maritrema longibursatus Caballero et Brenes, 1964, 
Maritrema prosthometra Deblock et Heard, 1969, Maritrema bravoae 
Caballero et Ibanez, 1970, Maritrema paracadiae Ching, 1974, and 
.Maritrema chiriacae Deblock, 1975 have long intestinal ceca reaching 
the testes, they differ from M. huillini in having avian definitive hosts 
(Deblock, 1971, 1975; Caballero and Ibanez, 1970; Ching, 1974). 
Additionally, the ventral sucker of the new species is in an equatorial 
position, in contrast to M. subdolum and M. chiriacae, in which it is post-
equatorial (Deblock, 1971, 1975; Kostadinova and Gibson, 1994). In M. 
huillini, the body size (538-758) and cirrus sac (109-200) are smaller than 
in M. sachalinicum (900-1,000 and 250, respectively), and in M. 
longibursatus (more than 1,000 and 1,000-1,200, respectively) (Deblock, 
1971). The new species has a longer egg (18-20) than does M. bravoae (14) 
(Caballero and Ibanez, 1970). Moreover, the muscular portion of the 
metraterm (14-32) is shorter for the new species than for M. gratiosum 
(80-90), M. acadiae (40-50), M. prosthometra (100), and M. paracadiae 
(40-50) (Deblock, 1971; Ching, 1974). Maritrema huillini represents the 
first species in the genus from South American eutherian hosts and is also 
the first record of a digenean for L. provocax in South America. 
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DESCRIPTION OF RIOUXGOLVANIA KAPAPKAMUI SP. N. (NEMATODA: MUSPICEOIDEA: 
MUSPICEIDAE), A PECULIAR INTRADERMAL PARASITE OF BATS IN HOKKAIDO, JAPAN 
Hideo Hasegawa, Masahiko Sat()', Kishio Maedat, and Yoshiko Murayama:j: 
Department of Biology, Faculty of Medicine, Oita University, Hasama, Yufu, Oita 879-5593, Japan. e-mail: hasegawa@oita-u.ac.jp 
ABSTRACT: Riouxgolvania kapapkamui sp, n, (Nematoda: Muspiceoidea: Muspiceidae), a peculiar intradermal parasite, is described 
based on gravid adults, eggs, and first-, second-, and third-stage larvae collected from dermal nodules formed in Myotis macrodactylus 
and Myotis ikonnikovi bats from Hokkaido, Japan, The nematode is readily distinguished from 3 previously described congeners in 
having a globular body with brown, transverse striae in the anterior region of fully grown females. The third-stage larva is also 
distinguished from other congeners by having a round tail end. Nucleotide sequences of the analyzed partial SSU rDNA-ITSI region 
and partial cytochrome c oxidase subunit 1 of mtDNA showed greater similarity to chromadoreans rather than to enopleans. This is 
the first report of muspiceoid nematodes from Asia, 
Starting in 2003, we have conducted ecological investigations 
on a group of Japanese large-footed bats, Myotis macrodactylus, 
in Esashi, Hokkaido, Japan. Among the bats captured in July 
2007, 2 males exhibited swelling in alopecia areas of the head and 
ears. By pressing the swellings with forceps from the lateral sides, 
round masses emerged. Further examination revealed the 
presence of small, globular nematodes representing a new species 
of Riouxgolvania Bain et Chabaud, 1968 (Muspiceoidea: Muspi-
ceidae). Their morphology is described herein along with DNA 
sequence data to establish their systematic position. 
MATERIALS AND METHODS 
Collection of material 
Bats were captured by a mist net or an insect net during the summer of 
2007 to 2009. On capture, their fur was examined carefully. When an 
alopecic lesion with swelling was found, it was gently compressed with 
forceps, forcing the nematode inside to emerge. Worms were then fixed in 
5% formalin for morphological study or 100% ethanol for DNA analysis. 
Scientific and common names of the hosts follow Ohdachi et al. (2009). 
Morphological examination 
Worms fixed in formalin were cleared in glycerol-ethanol solution by 
evaporating the alcohol. Worms were then mounted on glass slides with 
50% glycerol solution and observed using a light microscope equipped 
with a Nomarski interference contrast apparatus. Figures were drawn with 
the aid of a drawing tube. All measurements are in micrometers unless 
otherwise noted. Type specimens are deposited in the National Museum of 
Nature and Science (NSMT), Tokyo, Japan, and the Rishiri Town 
Museum (RTM), Senhoshi, Hokkaido, Japan. 
DNA sequence analysis 
Small fragments of the worm bodies were removed from the nematodes 
and incubated in 20 ~I of 0.02 N NaOH solution or liquid phase of 
Dexpat™ (TaKaRa, Tokyo, Japan) at 95 C for 10 min or 100 C for 
20 min, respectively, and 2 0 were then added to 50 0 of prepared PCR 
solution. The DNA region targeted was amplified using KOD-Ver2™ or 
KOD-NEOTM polymerase (Toyobo Co., Tokyo, Japan) and a program-
mable thermal controller (PC-801, ASTEC Co., Ltd., Fukuoka, Japan). 
The primers employed for amplification and sequencing of the rDNA 
region were those used by Katayama et al. (1993) or were newly designed. 
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Forward primers included 18SP2F 5 '-CAGNCCCGCGGTAATNC-3 , 
and Bat1825F 5'-ACTGCTTCTGATGCTGCATA-3'. Reverse primers 
included 18SPCR 5'-ACGGGCGGTGTGTRC, Bat1940R 5'-CGTTCA-
GCAATACTAGCAAT-3', Bat1828R 5'-TTAGTAACGGCGACTTTA-
TTCAA-3', and Bat255R 5'-CACATACGGATGGAAATATGAT-3'. 
The primers used for amplification and sequencing of the cytochrome c 
oxidase subunit 1 (Cox1) ofmtDNA were those in Bowles et al. (1992) and 
Hasegawa et al. (2010). Forward primers included JB3 5'-TTTTTTGG-
GCATCCTGAGGTTTAT-3' and StrCoxAfrF 5'-GTGGTTTTGGTA-
ATTGAATGGTT-3'. The reverse primer was JB4.5 5'-TAAAGAAA-
GAACATAATGAAAATG-3'. 
Initial denaturation was performed at 94 C for 1 min followed by 10 
cycles at 94 C for 1 min, 40 C for 1 min, 72 C for 2 min, 30 cycles of 94 C 
for 1 min, 45 C for 2 min, 72 C for 2 min, and a post-amplification 
extension at 72 C for 7 min. 
The PCR products were electrophoresed in a 1.5% agarose gel and 
visualized by EZ-Vision™ 3 DNA dye (Amresco, Solon, Ohio). 
Subsequen}!jY, the PCR products were recovered from the gel using 
SUPRECT -01 (Takara Bio Co. Inc., Otsu, Shiga, Japan) and precipi-
tated with ethanol, after which they were centrifuged and vacuum-dried. 
Products were then dissolved in distilled water and amplified using 1 of the 
primers with the BigDye™ Terminator Cycle Sequencing Kit (Applied 
Biosystems, Foster City, California). The products were purified using 
Centri-SepTM spin columns (Princeton Separations Inc., Adelphia, New 
Jersey) and sequenced by ABI-PRISM® 3130 Genetic Analyzer (Applied 
Biosystems). A similarity search of nucleotide sequences was performed 
using FASTA version 36.3.5a program (Pearson and Lipman, 1988) 
provided by the European Bioinformatics Institute (EBI). The nucleotide 
sequences determined il). this study were registered in the DNA Database 
of Japan (DDBJ). 
DESCRIPTION 
Riouxgolvania kapapkamui sp. n. 
(Nematoda: Muspiceoidea: Muspiceidae) 
(Figs. 1-13) 
Adult (holotype and 3 paratype females): Body divided into digitiform 
anterior portion occupying one-fifth to one-quarter of body length, 
strongly bent ventrally, with stout to globular posterior portion (Figs. 1, 
2). Length 2.29-2.77 mm, maximum width 0.32-0.75 mm. Cephalic apex 
round, with rudimentary orifice of canal with cuticular lining and 2 
papilla-like structures (Fig. 3). Anterior digitiform portion 0.19--0.23 mm 
wide with coarse, brownish, transverse striae, more clearly seen in globular 
worm. Lateral alae absent. Alimentary tract degenerated, esophagus 
barely seen; esophageal gland barely visible; trophosome degenerated 
leaving only large nuclei discernible. Vulva slightly posterior to bent 
portion, 1.03-1.25 mm from anterior end (Figs. 1, 2). Reproductive 
organs degenerated and fragmented in globular worm (Fig. 1). Anus not 
observed; posterior end conical; tips forming mucron of 16 long in 
globular worm (Figs. 4, 5). Pseudocoelom with eggs ar.d larvae of various 
developmental stages. One larva was found in vagina with posterior body 
extended under outer layer of cuticle of female (Fig. 2). 
Egg (n = 5): Round to ellipsoidal, soft-shelled, 52-65 by 40--50, 
containing embryos from early cleavage stage to first-stage larva (Figs. 6-
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FIGURES 1-5. Riouxgolvania kapapkamui sp. n. collected from Myotis macrodactylus in Esashi, Hokkaido, Japan. (1) Holotype, adult with globular 
body, right lateral view. (2) Paratype, young adult, right lateral view. (3) Cephalic end, apical view. (4,5) Tail tips of adults. Abbreviations: 0, orifice of 
canal with cuticular lining; p, papilla-like structures. 
8). Shell of eggs with morula and advanced stage embryos becoming 
irregular in shape (Figs. 6-8). 
First-stage larva (n = 10): Body stumpy with round cephalic end and 
truncated posterior end (Fig. 9). Cuticle thin, without transverse 
striations. Longitudinal strands of cells with large nuclei present under 
cuticle. Large nucleus of excretory cell present at one-quarter of worm 
length from cephalic end. Strand of spindle-shaped cells connected with 
fiber extending from posterior portion of excretory cell to posterior third 
of body. Nerve ring at one-eighth of body length from cephalic end. 
Buccal capsule obscure, funnel-shaped. Esophagus as cellular mass 
occupying pseudocoelom anterior to excretory cell nucleus. Trophosome 
originating at level of nerve ring as thin cord, lying dorsal to excretory cell 
and genital primordium, extending posteriorly to connect with rectum. 
Anus obscure. Genital primordium at midbody. Caudal glands vesicular 
with round pores, just posterior to anus. Two large nuclei of caudal glands 
just anterior to caudal gland vesicles. Worm length 150-230 (176), width 
17-21 (19). Distance from cephalic apex to nerve ring 20--41 (32), 
excretory cell nucleus 48-72 (57), and genital primordium 73-131 (99). 
Distance from caudal apex to caudal gland pores 13-33 (21), and caudal 
gland nuclei 22--40 (31). 
Second-stage larva (n = 10): Enclosed within cuticle of first stage. Body 
slender, with round cephalic end and tail with 4 projections distally 
(Figs. 10, 11). Cuticle striated transversely. Longitudinal strands of cells 
with large nuclei present under cuticle. Buccal capsule funnel-shaped with 
fine radial markings. Large nucleus of excretory cell present; excretory 
canal winding, running anteriorly, and emptying ventrally near cephalic 
apex. One large, elongated cell present ventrally to excretory cell. 
Esophagus as cellular mass anterior to excretory cell nucleus. Trophosome 
originating at level of nerve ring as thin cord, thickened posteriorly, lying 
dorsal to excretory cell and genital primordium, extending posteriorly to 
connect with rectum. Anus barely discernible in late second stage 
(Fig. 11). Genital primordium at midbody. Caudal, glands vesicular in 
early second stage, less prominent in late second stage, situated medially 
between large nuclei of caudal glands and caudal apex (Figs. 10, 11). 
Worm length 250-316 (271), width 19-26 (22). Distance from cephalic 
apex to nerve ring 36--46 (42), excretory cell nucleus 67-93 (80), and 
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FIGURES 6--13. Riouxgolvania kapapkamui sp. n. collected from Myotis macrodactylus in Esashi, Hokkaido, Japan. (6-8) Eggs at various 
developmental stages. (9) First-stage larvae, left lateral view. (10) Early second-stage larva, right lateral view. (11) Late second-stage larva, right lateral 
view. (12) Third-stage larva, right lateral view. (13) Cephalic apex of third-stage larva, apical view. Abbreviations: am, atrophied mouth; cpo cephalic 
papillae; lp, labial papillae; 0, orifice of excretory canal; so, spear-shaped cuticular ornamentations. 
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genital primordium 139-170 (150). Distance from caudal apex to caudal 
gland pores 29-38 (32), and caudal gland nuclei 53-70 (61). 
Third-stage larva (n = 10): Enclosed within cuticles of preceding stages. 
Body slender, with conically protruded cephalic end and round tail tip 
(Fig. 12). Cuticle thin, with transverse striations much finer than those of 
second stage cuticle. Somatic musculature arranged obliquely (Fig. 12), 
Nuclei hardly discernible except large nucleus of excretory cell, 2 large 
lateral nuclei anterior to anus, 2 nuclei in genital primordium, and some 
nuclei at caudal end. Mouth closed, seen as short bar apically, surrounded 
by 6 minute labial papillae and 4 cephalic papillae (Fig. 13). Four spear-
shaped cuticular ornamentations directed posteriorly (Figs. 12, 13). 
Excretory canal extending anteriorly and opening ventrally at cephalic 
end. Esophagus not seen and trophosome barely discernible; longitudinal 
cellular mass in ventral field partly observable. Anus barely visible. Caudal 
gland pores slightly posterior to level of anus. Worm length 295-331 (317), 
width 19-26 (24). Distance from cephalic apex to nerve ring 41-62 (56), 
excretory cell nucleus 93-112 (104), and genital primordium 169-189 
(180). Distance from caudal apex to anus 34-40 (37), caudal gland pores 
27-38 (33), and caudal gland nuclei 66-81 (75). 
DNA sequence analysis 
By using the primers 18SP2F and BatR255R, about 2,400 base pairs (bp) 
were amplified and a sequence with 2,065 bp (DDBJ accession number 
AB699222), including partial SSU rDNA and ITSI, was successfully 
analyzed using the 5 primers listed above. Within the sequence, primers 
18S2F, 18SPC, Bat 1825F, Bat 940R, and Batl828R were found to form 
hybrids at the bases of - 38 to -22, 909 to 923, 1221 to 1240, 1329 to 1348, 
and 1848 to 1870, respectively. Meanwhile, the hybridizing locus of 
Bat255R remains unclear because the sequence analyzed using this primer 
did not meet those read from Batl825F or Batl828R. By a similarity search 
with FAST A, it was found that most of the 50 taxa-isolates with best scores, 
but with relatively low identity (62,8-67.6% in overlapped portion), were 
occupied by protozoans, and the only nematode included was a 
panagrolaimoid (U81580) (Rhabditida; identity 62,8%). 
Two sequences, 247 bp (AB699224) and 892 bp (AB699225) in length, 
were amplified and sequenced by using primer sets JB3-JB4.5 and 
StrCoxAfrF-JB4,5, respectively. The short sequence was almost identical 
with the upstream portion of the long sequence but differed in 22 
nucleotide positions. The short sequence was successfully converted to an 
amino acid sequence by invertebrate mitochondrion cords, while 5 amino 
acid differences were observed in the correspondent portion of the long 
sequence (Table I). Moreover, the long sequence included 5 stop codons in 
the upstream portion. 
By F ASTA analysis of the short sequence, all taxa-isolates with the best 
scores for high identity (84.2 to 86,6%) were occupied by Coxi sequences of 
phasmidian nematodes including Pseudoterranova decipiens, Contracaecwn 
spp., Pellioditis marina, Heterorhabditis bacteriophora, Bunostomwn phlebo-
tomwn, and Dictyocaylus viviparus. The short sequence also showed relatively 
high identity (over 80%) with Ancylostoma duodenale, Ancylostoma caninwn, 
Cooperia oncophora, and Metastrongylus apri, Meanwhile, the identity was 
rather low with mermithoids, i.e., with Hexamermis agrotis (65.6%) and 
Romanomermis culicivorax (67.2%). The identity was also low with Trichuris 
skrjabini (65.2%), Capillaria gastrica (68.8%), Eustrongylides sp. (57.9%), and 
Enoplus sp. (67.6%) (Table I). When converted into amino acids, the present 
sequence possessed an identity of 85.4 to 90.2% with the above phasmidian 
nematodes but only 60.5 to 73.2% with the aphasmidians (Table I). 
When FASTA analysis was applied for the long sequence, the top 50 
taxa-isolates with best scores were, again, Coxi of nematodes. All of them 
were phasmidians, i.e., strongylids, ascaridids, and rhabditids with 
identities of 77.3 to 80.0%, while identities were much lower, 60.4 and 
56.1 %, for R. culicivorax and H. agrotis, respectively. 
Taxonomic summary 
Type host: Myotis macrodactylus (Temminck, 1840) (Japanese large-
footed bat). 
Other host: Myotis ikonnikovi Ognov, 1912 (Ikonnikov's Myotis). 
Site of infection: Skin, especially of ear. 
Type locality: Kamitokushibetsu, Esashi, Hokkaido, Japan, 44°43'08"N 
142°36'24"E. 
Other localities: Kutsugata, Rishiri Is., Hokkaido, Japan, 45°10'36'N, 
141°08'42'E and 45°10'50'N, 141°09'06'E. 
TABLE I. Identity (%) in nucleotide and amino acid of the partial Coxi 
sequence (short sequence [AB699224J) of Riouxgolvania kapapkamui with 
those of representative nematodes. 
Nematode species (accession no.) 
Riouxgolvania kapapkamui long sequence 
(AB699225) 
Pseudoterranova decipiens (CAI70532) 
Bunostomwn phlebotomwn (FJ483517) 
Ancylostoma duodenale (Dv2000) 
Ascaris lwnbricoides (JN801161) 
Strongylus vulgaris (GQ888717) 
Ancylostoma caninum (FJ483518) 
Metastrongylus salmi (GQ888715) 
Cooperia oncophora (AB246084) 
Aphelenchoides xylocopae (AB252222) 
Capillaria gastrica (AJ288161) 
Enoplus sp. (HM564967) 
Romanomermis culicivorax (EFI54459) 
Hexamermis agrotis (EF368011) 
Trichuris skrjabini (HQ204212) 
Eustrongylides sp. (GQ215580) 
Nucleotides Amino acids 
91.1 
85.4 
83.8 
83.4 
81.8 
81.0 
81.0 
80.6 
80.2 
79.8 
68.8 
67.6 
67.2 
65.6 
65.2 
57.9 
93.9 
89.0 
90.2 
90.2 
89.0 
90.2 
89.0 
85.4 
89.0 
85.4 
70.7 
73.2 
70.7 
67.1 
60.5 
65.5 
Intensity: One to 2 parasites per infected host. 
Date of collection: 15 July 2007 (holotype, paratype); 29 July 2009 
(paratype ). 
Etymology: The specific epithet is derived from an Ainu word 'Kapap-
kamui' meaning a bat. 
Specimens: NSMT-As 3902 (Holotype), 3903 (I paratype); RTMebb 
671, 688 (2 paratypes). 
Remarks 
This nematode is assigned to the Muspiceidae (Muspiceoidea) based on 
. the presence of a trophosome and on atrophy of the alimentary canal in 
gravid adults, in addition to the peculiar site of infection although the 
esophageal structures are not clearly observable (Bain and Chabaud, 
1979). Muspiceids are known from Europe, Africa, the Americas, and 
Australia (Sambon, 1925; Chabaud and Bain, 1974; Bain and Chabaud, 
1979; Rausch and Rausch, 1983; Spratt and Nicholas, 2002). However, no 
report has been made from Asia. In the Muspiceidae, 5 genera are known, 
i.e., Muspicea Sambon, 1925 (type genus), Lukonema Chabaud et Bain, 
1974, Maseria Rausch'et Rausch, 1983, Pennisia Bain et Chabaud, 1974, 
and Riouxgolvania. By having small caudal glands, the present species is 
readily distinguished from those of Lukonema and Pennisia in which 
caudal glands are highly modified to form internal or external absorptive 
organs (Chabaud and Bain, 1974; Bain and Chabaud, 1979). Riouxgolva-
nia kapapkamui is also distinguished from those of Muspicea and Maseria 
in having a stout body and lacking a Demanian system, respectively 
(Brumpt, 1930; Rausch and Rausch, 1983). 
The present species shares most characteristics with species of 
Riouxgolvania, although some of the essential features, such as the 
number of esophageal gland cells, could not be observed in the present 
adult material (Bain and Chabaud, 1979). Riouxgolvania is parasitic in the 
skin of bats and only 3 species have been described, i.e., R rhinolophi Bain 
et Chabaud, 1968 (type species) from France, R nyctali Bain et Chabaud, 
1979 from Holland and France, and R. beveridgei Bain et Chabaud, 1979 
from Australia (Bain and Chabaud, 1968, 1979). The body of the present 
species is much more globular, with brown, transverse striae in the 
anterior region of the fully-grown female, differing in this regard from any 
of the known species (Bain and Chabaud, 1979). 
In addition to adult morphology, larvae possess distinguishing 
characteristics; i.e., L3 of R rhinolophi and R nyctali have a tail with a 
bifid tip, each point incised apically in the former species, while that of R 
beveridgei has a tail with 4 projections distally (Bain and Chabaud, 1979). 
These terminal ornamentations of the tail are usually found in the infective 
stage and are thought to be used for penetration of the definitive host. In 
the present species, the L2 have similar ornamentations which include 4 
projections that are solid at an early stage but become hollow in the late 
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Lz, just before molting to the L3. The L3 is without terminal 
ornamentations in the tail, contrasting with those of other congeners 
(Bain and Chabaud, 1979). The oblique somatic musculature observed in 
the L3 resembles that found in the L3 of Lukonema lukoschusi Chabaud et 
Bain, 1974 (Chabaud and Bain, 1974). 
DISCUSSION 
The peculiar morphology of muspiceoid nematodes has puzzled 
many researchers. The alimentary tract is especially exceptional as 
a nematode parasite of vertebrate hosts. The ventrally located 
orifice at the cephalic apex has been regarded as the mouth, with 
the canal running backward from the orifice regarded as the 
esophageal lumen. However, in the muspiceoids, it is connected to 
an osmo-excretory cell from which lateral excretory canals extend 
posteriorly (Bain and Chabaud, 1979). The trophosome has been 
regarded as a transformed intestine (Bain and Chabaud, 1979), 
though it tapers anteriorly, and its connection to the so-called 
esophagus is unclear. In the present species, the trophosome is 
clearly visible in the L] and L2. It becomes obscure in the L3 of the 
new species while it occurs in the L3 of R rhinolophi (Bain and 
Chabaud, 1979). The longitudinal cellular mass observed on the 
ventral side of the L2 is also of uncertain nature. Presumably, the 
trophosome and the ventral cellular mass playa role in nutrient 
storage for growth. As the L2 is enclosed within the cuticle of the 
L] stage, nutrient intake may occur by diffusion through the 
cuticle. If this is the case, the orifice at the ventral side of the 
cephalic apex may be non-functional or play another role such as 
a secretory-excretory pore. 
The peculiar morphology of muspiceoids has caused much 
discussion regarding their phylogenetic status. Brumpt (1930) 
suggested that the trophosome ('cordon cellulaire plein') in 
Muspicea borreli Sambon, 1925 is homologous with the adipose 
body of Mermithoidea. Roman (1965; cited in Bain and Chabaud, 
1979) established the superfamily Muspiceoidea in the order 
Enoplida; he also considered that Muspiceoidea and Mermithoi-
dea shared a common ancestor. Bain and Chabaud (1979) placed 
Muspiceoidea along with Mermithoidea, Trichuroidea (=Trichi-
nelloidea), and Dorylaimoidea in the suborder Dorylaimina. 
Rausch and Rausch (1983) found the Demanian system in 
Maseria, which had been known only in some species of 
Oncholaimidae (Enoplida). More recently, Spratt and Nicholas 
(2002) conducted a precise morphological study of M. borreli by 
light and electron microscopy and concluded that the so-called 
phasmidoid cells were caudal glands with no associated nervous 
tissue, not phasmids. Their observation supported the close 
phylogenic relationship suggested by Bain and Chabaud (1979). 
By adopting the nematode systematics inferred from SSU rDNA 
sequences (Kampfer et aI., 1998, B1axter et al., 1998; Dorris et aI., 
1999; De Ley and B1axter, 2002), they placed Muspiceoidea in the 
subclass Dorylaima of the class Enoplea. 
However, none of the present DNA sequences of R. kapapkamui 
support similarity with mermithoids, trichuroids, or dorylaimoids. 
Preliminary phylogenetic analysis by the neighbor-joining method, 
based on SSU rDNA, placed the present species in Tylenchida 
(Chromadorea: Rhabditida) but with an unexpectedly long branch 
(not shown here). The Cox} sequence also showed similarity to the 
chromadorians, including the above-mentioned phasmidians rath-
er than mermithids, although mitochondrial genes are known to 
evolve much faster than nuclear DNA and, hence, are considered to 
be unsuitable when depicting phylogenetic relationships among 
suborders. The long sequence with a high similarity to the Cox} 
gene sequenced here may be a pseudo gene in which mutations have 
accumulated. More DNA sequence analyses, including for other 
muspiceoids, may elucidate the systematic position and evolution 
of this enigmatic superfamily. 
The life histories of most muspiceids remain unknown. 
Riouxgolvania spp. are considered to be protandrous hermaph-
rodites (Bain and Chabaud, 1979). It is apparent that eggs hatch 
in utero and larvae develop to the infective stage within the gravid 
female body. Because the vulva seems to be nOh-functional in 
gravid Riouxgolvania spp., infective larvae may escape from their 
mother by perforating the cuticle. It is possible that the larvae on 
the skin may use the opportunity to infect the next host when bats 
make intimate contact with each other in caves. Larvae of 
Riouxgolvania, Lukonema, and Maseria species are thought to 
invade the skin of bats (Bain and Chabaud, 1979; Rausch and 
Rausch, 1983). Presumably, the 4 spear-shaped cuticular orna-
mentations of the L3 are used at skin penetration. However, 
although muspiceoids are considered to be monoxenous, some 
larvae have been recorded from blood-sucking ticks and insects 
(Beaver and Burgdorfer, 1984, 1987; Bain and Renz, 1993; Spratt 
and Nicholas, 2002). The role of such arthropods in the 
transmission process should be also studied. 
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A NEW SPECIES OF CHOLEOEIMERIA (APICOMPLEXA: EIMERIIDAE) FROM MELLER'S 
CHAMELEON, TRIOCEROS MELLERI (SAURIA: CHAMAELEONIDAE) 
Chris T. McAllister 
Science and Mathematics Division. Eastern Oklahoma State College, Idabel, Oklahoma 74745. e-mail: cmcallister@se.edu 
ABSTRACT: A captive specimen of Meller's chameleon, Trioceros melleri (Gray), originally from Tanzania and housed at the 
Oklahoma City Zoological Park Herpetarium, Oklahoma County, Oklahoma, was found to be passing an undescribed species of 
Choleoeimeria in its feces. Oocysts of Choleoeimeria steveuptoni n. sp. were cylindroidal, 38.5 X 17.8 (36-42 x 17-19) Jlm with a 
bilayered wall and a shape index (length/width) of 2.2. A micropyle and oocyst residuum were absent, but a fragmented polar granule 
was often present. Ovoidal sporocysts were composed of 2 valves joined by a suture and measured 11.3 x 9.1 (11 - 12 x 9-10) Jlm; shape 
index of 1.3. Stieda, sub-Stieda, and para-Stieda bodies were absent. The sporocyst residuum consists of multiple globules dispersed 
along the perimeter of the sporocyst and between sporozoites. Sporozoites were elongate, 13.1 x 2.9 (12- 15 x 2.6-3.2) Jlm with an 
elongate posterior refractile body. The new species represents the second coccidian documented from this lizard. 
Meller's chameleon, Trioceros (=Chamaeleo) melleri (Gray, 
1865) is the largest (up to 76 cm) chameleon found on the African 
mainland, where it ranges from Malawi and northern Mozam-
bique to Tanzania (Broadley and Howell, 1991 ; Spawls et aI. , 
2001). This lizard inhabits bushy savannahs, woodlands, and 
interior mountains from sea level to altitudes as high as 1,500 m. 
Unfortunately, many have been exported from Tanzania for the 
pet trade. 
Little is known about the coccidian parasites of T melleri. 
Modry et ai. (2000) described Eimeria bohemii from T melleri 
imported from Tanzania by a pet trader. The species was later 
reclassified as Choleoeimeria bohemii (Sloboda and Modry, 2006). 
Nothing else, to my knowledge, has been published on coccidia 
from this lizard. Herein, I provide a description of a new species 
of Choleoeimeria from T melleri. 
MATERIALS AND METHODS 
During February 1993, fresh feces from 4 species of captive chameleons 
housed in quarantine at the Oklahoma City Zoological Park Herpetarium 
(OCZPH) in Oklahoma City, Oklahoma, were collected for examination 
of coccidia as follows: 2 Senegal chameleons, Chamaeleo senegalensis 
Daudin, 1802, I tusked chameleon, Furcifer balteatus Dumeril and Bibron, 
1851,2 Jackson's chameleons, Triocerosjacksonii (Boulenger, 1896), and a 
single T. melleri. Samples were placed in individual vials containing 2.5% 
(w/v) aqueous potassium dichromate (K2Cr207) and examined for 
coccidia by light microscopy after flotation in Sheather's sugar solution 
(specific gravity = 1.28). A single sample contained fully sporulated 
oocysts, and measurements were taken on 25 oocysts with the use of a 
calibrated ocular micrometer and reported in micrometers (Jlm) with 
means followed by the ranges in parentheses; oocysts were examined with 
the use of Nomarski interference-contrast optics and photographs were 
taken with a 35-mm SLR camera. Oocysts were ~60 days old when 
measured and photographed. Descriptions of oocysts and sporocysts 
follow McAllister (2012) as follows: oocyst (0) length (L) and width (W), 
their ranges and ratios (LfW), micropyle (M), oocyst residuum (OR), 
polar granules (PG), sporocyst (SP) length (L) and width (W), their ranges 
and ratio (LfW), Stieda body (SB), sub-Stieda body (SSB), para-Stieda 
body (PSB), sporocyst residuum (SR), sporozoites (SZ), refractile bodies 
(RB), and nucleus (N). A host voucher was originally accessioned into the 
OCZPH as No. 5921-17 . Photovouchers of sporulated oocysts were 
accessioned into the United States National Parasite Collection (USNPC), 
Beltsville, Maryland. Lizard taxonomy follows the reptile database (Uetz, 
20ll). 
Received 16 September 20ll ; revised 20 February 2012, 10 May 2012; 
accepted 16 May 2012. 
001: IO.1645/GE-2984.1 
DESCRIPTION 
Cho/eoeimeria steveuptoni n. sp. 
(Figs. 1-4) 
Diagnosis: Oocyst shape cylindroidal; bilayered wall, ~ 1.4 thick, 
smooth outer layer ~ 1.0, inner layer ~0.4; L x W 38.5 x 17.8 (36-42 
x 17-19); LfW 2.2 (1.9-2.4). M and OR absent; PG present, often 
fragmented. Irregularly curved projections of folded inner layer of OW 
visible inside O. SP ellipsoidal, L x W 11.3 x 9.1 (1l- 12 x 9-10); LfW 1.2 
(1.2- 1.4); smooth single-layered wall - 0.8 thick composed of 2 faint 
valves joined by suture; SB, SSB, and PSB absent; SR spherical or 
subspherical, 7.0 X 5.6 (6.4-8.0 x 5.0--6.4) composed of many 
homogenous globules of various sizes. SZ (n = 10) elongate, L x W 
13.1 x 2.9 (12-15 x 2.6-3.2) in situ, lying along I side of sporocyst. Each 
SZ with ellipsoidal PRB (n = 12), 2.3 x 2.3 (1.8-2.6 x 1.8- 2.6); single N 
slightly posterior to midpoint of body. 
Taxonomic summary 
Type host: Trioceros melleri (Gray, 1865), Meller's chameleon (Sauria: 
Chamaeleonidae). Captive adult female. Symbiotype No. 5921-17. Died 
on 26 March 1993 of hemorrhagic and ulcerative gastritis. 
Other hosts: None. 
Type specimens: Photosyntype deposited as USNPC 104870. 
Type locality: Tanzania, detailed locality unknown. Wild born III 
October 1991. 
Prevalence: One of 6 (17%) chameleons examined; 0/2 (0%) C. 
senegalensis, 011 (0%) F. balteatus, 012 (0%) T. jackson ii, III (100%) T. 
melleri. 
Sporulation: Unknown. 
FIGURES 1-3. Nomarski interference-contrast photomicrographs of 
oocysts of Choleoeimeria steveuptoni n. sp. (1) Oocyst showing smooth 
outer wall (OW). (2) Oocyst with sporocyst residuum (SR). (3) Oocyst 
showing polar granule (PG), posterior refractile body (PRB), and curved 
projections of folded inner layer of oocyst wall (arrows without labels). 
Bar = 10 Jlm. 
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FIGURE 4. Composite line drawing of an oocyst of Choleoeimeria 
steveuptoni n. sp. Bar = 10 ~m. 
Prepatent and patent periods: Unknown. 
Site of infection: Unknown; oocysts recovered from feces. 
Etymology: The specific epithet is given in honor of Dr. Steve J. Upton 
(1953-2010), Kansas State University, in recognition of his many 
contributions to the study of reptilian coccidia. 
Remarks 
To my knowledge, no other lizard eimerian has been described with a 
combination of characters descriptive of the new species. The new species 
differs significantly in size and shape to other eimerians described by 
Modry et ai. (2000) from East African chameleons as follows: oocysts of 
Choleoeimeria (syn. Eimeria) bohemii from T. melleri are considerably 
smaller, 25.0 X 14.0 (24-26 X 13-15) versus 38.5 X 17.8 (36-42 X 17-19) 
and do not possess a polar granule; and oocysts of Choleoeimeria (syn. 
Eimeria) largeni from the graceful chameleon (Chamaeleo gracilis) from 
Kenya and Choleoeimeria (syn. Eimeria) tilburyi from T. jacksonii from 
Kenya are also smaller, 31.2 X 19.3 (30--34 X 19-20) and 28.9 X 16.0 (26-
33 X 14-18), respectively. In addition, other eimerians from chameleons 
including Eimeria hajeki from the Usambara .stumptail chameleon, 
Rampholeon temporalis from Tanzania (Modry, Slapeta, and Koudela, 
2001), Choleoeimeria (syn. Eimeria) brookesiae from the spiny leaf 
chameleon, Brookesia decaryi from Madagascar (Modry, Dazsak et ai., 
2001), Choleoeimeria (syn. Eimeria) glawi and Eimeria vencesi from the 
panther chameleon, Furcifer pardalis from Madagascar (Modry, Daszak et 
ai., 2001), Eimeria worthi from Oustalet's chameleon, Furcifer oustaleti 
from Madagascar (Modry, Dazsak et aI., 2001), Choleoeimeria fischeri 
from F. oustaleti from Tanzania (McAllister, 2012), and Choleoeimeria 
hirbayah from captive veiled chameleons, Chamaeleo calyptratus (Sloboda 
and Modry, 2006) all have smaller oocysts. 
DISCUSSION 
Jirkii et al. (2002) confirmed by phylogenetic analysis (small 
subunit rRNA gene) the separate status of Choleoeimeria Paperna 
and Landberg, 1989, as a sister clade to the Eimeriidae. More 
recently, Sloboda and Modry (2006) provided a taxonomic revision 
of tetrasporocystic coccidia from chameleons. The rationale for 
providing new combinations of taxa originally described as Eimeria 
spp. from various chameleons (see Sloboda and Modry, 2006, 
Table I), and, subsequently their reclassification to Choleoeimeria 
was 3-fold, as follows: (1) those species infecting the biliary 
epithelium, (2) those possessing cylindrical oocysts, and (3) those 
with sporocyst sutures. These are distinct oocyst and sporocyst 
features (see also Modry and Jirkii, 2006) and, as such, the new 
species, which possess the 2 latter features (albeit the sporocyst 
sutures were not able to be photographed on C. steveuptonz), is 
placed in this genus rather than Eimeria even in the absence of gall 
bladder tissue samples (which were not available for study). Indeed, 
current molecular and morphological studies indicate that most of 
the tetrasporocystic coccidia from chameleons . are species of 
Choleoeimeria. Furthermore, Abdel-Baki et al. (2008) included 5 
species of scincid coccidia in this genus following suggestions of 
Modry and Jirkii (2006). Still, however, there appears to be some 
debate on this classification as Daszak et al. (2009) suggested that 
designation of a species to either genus requires examination of the 
endogenous stages or molecular studies. Therefore, future studies 
on C. steveuptoni should involve histological methods to attempt to 
locate endogenous stages in the gall bladder epithelium and/or 
molecular analyses to help confirm the correct placement of this 
species in this genus. 
ACKNOWLEDGMENTS 
I thank David Grow, former Curator of Herpetology (OCZPH), for 
providing fecal samples from chameleons under his care for examination, 
and Don Whitten, Registrar (OCZPH), for detailed information on the 
host. Further appreciation is extended to Patricia A. Pilitt (USNPC) for 
expert curatorial assistance and the late Steve J. Upton for providing 
technical assistance. 
LITERATURE CITED 
ABDEL-BAKI, A. S., H. M. EL-FAYOMI, TH. SAKRAN, AND H. M. ABDEL-
HALEEM. 2008. Choleoeimeria saqanqouri sp. nov. (Apicomplexa: 
Eimeriidae) infecting the gallbladder of Scincus scincus scincus 
(Reptilia: Scincidae) from Egypt. Acta Protozoologica 47: 143-147. 
BROADLEY, D. G., AND K. M. HOWELL. 1991. A check list of the reptiles of 
Tanzania, with synoptic keys. Syntarsus 1: 1-70. 
DASZAK, P., S. J. BALL, C. G. JONES, D. G. STREICKER, AND K. R. SNOW. 
2009. Six new species of coccidia (Apicomplexa: Eimeriidae) from 
endangered Phelsum spp. geckoes (Sauria: Gekkonidae) of the Black 
River Gorges National Park, Mauritius. Folia Parasitologica 56: 233-
241. 
JIRKU, M., D. MODRY, J. R. SLAPETA, B. KOUDELA, AND J. LUKES. 2002. 
The phylogeny of Goussia and Choleoeimeria (Apicomplexa: Eimer-
iorina) and the evolution if excystation structures in coccidia. Protist 
153: 380-389. 
McALLISTER, C. T. 2012. A new species of Choleoeimeria (Apicomplexa: 
Eimeriidae) from Oustalet's chameleon, Furcifer oustaleti (Sauria: 
Chamaeleonidae). Folia Parasitologica 59: 12-14. 
MODRY, D., P. DASZAK, J. VOLF, M. VESELY, S. J. BALL, AND B. KOUDELA. 
2001. Five new species of coccidia (Apicomplexa: Eimeriidae) from 
Madagascan chameleons (Sauria: Chamaeleonidae). Systematic 
Parasitology 48: 117-123. 
---, AND M. JIRKU. 2006. Three new species of coccidia (Apicomplexa: 
Eimeriorina) from the marble-throated skink, Marmorophax tricolor 
Bavay, 1869 (Reptilia: Scincidae), endemic to New Caledonia with a 
taxonomic revision of Eimeria spp. from scincid hosts. Parasitology 
Research 99: 416-428. 
---, J. R. SLAPETA, AND B. KOUDELA. 2000. Six new species of coccidia 
(Apicomplexa: Eimeriidae) from East African chameleons (Sauria: 
Chamaeleonidae). Journal of Parasitology 86: 373-379. 
---, ---, AND ---.2001. Eimeria hajeki n. sp. (Apicomplexa: 
Eimeriidae), a new coccidian parasite of the pygmy chameleon, 
Rampholeon temporalis (Matschie, 1892) (Reptilia: Chamaeleonidae) 
from Usambara Mountains, Tanzania. Journal of Parasitology 87: 
1104-1105. 
SWBOBA, M., AND D. MODRY. 2006. New species of Choleoeimeria 
(Apicomplexa: Eimeriidae) from the veiled chameleon, Chamaeleo 
calyptratus (Sauria: Chamaeleonidae), with taxonOinic revision of 
eimerian coccidia from chameleons. Folia Parasitologica 53: 91-97. 
SPAWLS, S., K. HOWELL, R. C. DREWES, AND J. ASHE. 2001. A field guide to 
the reptiles of East Africa. Academic Press, New York, New York, 
543 p. 
UETZ, P. 2011. The reptile database. http://www.reptile-database.org!. 
Accessed 14 September 2011. 
1. Parasi/oi., 98(5), ZOIZ, pp. 1003-1005 
© American Society of Parasitologists 2012 
A NEW SPECIES OF EIMERIA (APICOMPLEXA: EIMERIIDAE) FROM THE NORTHERN 
MVOTIS, MYOTIS SEPTENTRIONALIS (CHIROPTERA: VESPERTILIONIDAE), 
IN OKLAHOMA 
Chris T. McAllister, R. Scott Seville*, and Zachary P. Roehrst 
Science and Mathematics Division, Eastern Oklahoma State College, Idabel, Oklahoma 74745. e-mail: cmcallister@se.edu 
ABSTRACT: During September 2004, 4 adult northern myotis, Myotis septentrionalis, were collected from LeFlore County, Oklahoma 
(n = 2), and Logan (n = I) and Yell (n = I) counties, Arkansas, and their feces examined for coccidian parasites. Three of 4 bats (75%) 
were passing oocysts of Eimeria spp. Oocysts of Eimeria tumlisoni n. sp. were subspherical, 17.6 X 16.8 (16-19 x 14-18) J.l1ll with a 
shape index of 1.0 (1.0-1.1), A micropyle and oocyst residuum were absent, although 1-2 bilobed polar granules were often present. 
Sporocysts were ovoidal, 10.5 x 5.9 (9-12 x 5-7) J.l1ll with a shape index of 1.8 (1.6-2.0). A Stieda body was present, but substieda and 
parastieda bodies were absent. A sporocyst residuum was present consisting of compact to dispersed granules between the sporozoites. 
The sporozoites were elongate, with subspherical anterior refractile body and spherical posterior refractile body; a nucleus was not 
discernable. This is the second coccidian reported from this host and the first instance of a bat coccidian reported from Oklahoma. We 
also document a new geographic record for Eimeria catronensis in Oklahoma and provide an emended description, 
During the last decade, there has been a keen interest in the 
study of coccidia (Apicomplexa) of chiropterans in Arkansas 
(McAllister et aI., 2001, 2004, 2011; McAllister and Upton, 2009). 
A redescription of Eimeria macyi Wheat, 1975, was provided by 
McAllister et a1. (2001) from tricolored (=eastern pipistrelle) bats, 
Perimyotis subjlavus, and Eimeria catronensis Scott and Dus-
zynski, 1997, was reported in northern myotis, Myotis septen-
trionalis (McAllister et aI., 2004) from the state, In addition, new 
eimerians have been documented from eastern red bats, Lasiurus 
borealis (McAllister and Upton, 2009) and P. subjlavus (McAll-
ister et aI., 2011), To our knowledge, however, no coccidians have 
ever been reported from any of the 21 species of bats (Caire et aI., 
1989) currently known from neighboring Oklahoma, Herein, we 
provide a description of a new species of Eimeria from M. 
septentrionalis from Oklahoma, and information on 2 additional 
eimerians from M. septentrionalis in Arkansas and Oklahoma. 
MATERIALS AND METHODS 
During September 2004, 2 adult M. septentrionalis were collected with 
standard nylon mist nets (3 X 6-12 m, mesh size = 2.5 cm) from LeFlore 
County, Oklahoma. In addition, a single adult M. septentrionalis each was 
collected with same method from Logan and Yell counties, Arkansas. 
Specimens were placed in individual cloth collecting bags and allowed to 
defecate. They were banded and released unharmed at their collection 
sites. Fresh feces were collected from the bags and placed in individual 
vials containing 2.5% (w/v) aqueous potassium dichromate (KzCrz07) and 
examined for coccidia by light microscopy after flotation in Sheather's 
sugar solution (specific gravity = 1.30). Samples were allowed to complete 
sporulation at room temperature (23 C) in Petri dishes containing a 
shallow layer of 2.5% (w/v) KzCrz07 for 5 days. Samples were stored at 
uncontrolled temperatures and not examined again until they were 
-2,665 days old and sent to RSS for further examination. Sporulated 
oocysts were again isolated by flotation (as above), examined using an 
Olympus BX53 compound microscope, and measurements were taken on 
20 oocysts (n. sp.) using Olympus cellSens digital image acquisition 
software and reported in micrometers (~m) with means followed by the 
ranges in parentheses. Photomicrographs were taken with an Olympus 
DP73 digital camera using Nomarski interference-contrast optics. 
Descriptions of oocysts and sporocysts follow guidelines of Wilber et al. 
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(1998) as follows: oocyst length (L) and width (W), their ranges and ratios 
(L/W), micropyle (M), oocyst residuum (OR), polar granules (PG), 
sporocyst length (L) and width (W), their ranges and ratios (L/W), Stieda 
body (SB), substieda body (SSB), parastieda body (PSB), sporocyst 
residuum (SR), sporozoites (SZ), refractile bodies (RB), and nucleus (N). 
Photovouchers of sporulated oocysts were accessioned into the United 
States National Parasite Collection (USNPC), Beltsville, Maryland. 
Herein, we follow van Zyll de Jong (1979) who elevated M. septentrionalis 
to full species status rather than a subspecies of Keen's myotis, Myotis 
keenii. Bat common names follow Wilson and Reeder (2005). 
RESULTS 
Three of 4 (75%) of the M. septentrionalis were found to be 
passing oocysts of eimerian coccidia. Each infected bat was 
passing a different species of Eimeria, 1 of which is described 
herein. 
DESCRIPTION 
Eimeria tumlisoni n. sp. 
(Figs. 1-4) 
Diagnosis: Oocyst shape subspherical; bilayered wall, -1.3 (1.1-1.7) 
thick, rough outer layer yellowish brown - 2/3 thickness, inner layer 
smooth; L X W 17.6 X 16.8 (16-19 X 14-18); LIW 1.0 (1.0-1.2); M and 
OR absent; 1-2 PG often present, bilobed, centrally located. Sporocysts 
ovoidal, L X W 10.5 X 5.9 (9-12 X 5-7); LIW 1.8 (1.6-2.0); wall single-
layered and smooth; button-like SB present, SSB and PSB absent; SR 
present consisting of compact to dispersed granules between SZ. SZ 
elongate with subspherical anterior RB and spherical posterior RB; N not 
discernable. 
Taxonomic summary 
Type host: Myotis septentrionalis (Trouessart, 1897), northern myotis 
(Chiroptera: Vespertilionidae), adult, collected on 21 September 2004 by 
David A. Saugey. Host banded and released. 
Type locality: USA: Oklahoma, LeFlore County, near entrance of Bear 
Den Cave, Ouachita National Forest, 16.1 km NE of Talihina 
(34.47460oN, 94.54357°W). 
Prevalence: One of 4 (25%) of the M. septentrionalis examined; OIl 
Logan County, Arkansas; 0/1 Yell County, Arkansas; 112 (50%) LeFlore 
County, Oklahoma. 
Type specimens: Photosyntype of sporulated oocysts deposited as 
USNPC 105303. 
Sporulation: Exogenous. All oocysts were passed unsporulated or 
partially sporulated and became fully sporulated within 5 days at ca. 23 C. 
Prepatent and patent periods. Unknown. 
Site of irifection: Unknown. Oocysts recovered from feces. 
Endogenous stages: Unknown. 
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FIGURES 1-3. Nomarski-interference contrast photomicrographs of 
oocysts of Eimeria tumlisoni (1-3) showing rough outer oocyst wall (OW), 
polar granule (PG), Stieda body (SB), and sporocyst residuum (SR). 
Bar = 10 [lm for all figures. 
Pathology: Unknown. 
Etymology: The specific epithet is given in honor of Dr. Renn Tumlison, 
Professor of Biology, Henderson State University, Arkadelphia, Arkan-
sas, for his contributions to the ecology and natural history of Arkansas 
and Oklahoma mammals. 
Remarks 
To our knowledge, no other bat eimerian has been described with a 
combination of characters descriptive of the new species. However, the 
new species is most similar in size and shape (and with other bat eimerians 
having a rough outer oocyst wall) to E. macyi Wheat, 1975, from P. 
subj7avus in Alabama (Wheat, 1975) and Arkansas (McAllister et a!., 
2001). However, it can be distinguished from E. macyi by being smaller in 
oocyst L x W (17.6 x 16.8 vs. 19 x 17.6 [Alabama isolate] and 22.2 X 
20.5 [Arkansas isolate] [lm) and sporocyst L X W (10.5 x 5.9 vs. II X 7 
[Alabama isolate] and 12.4 X 8.3 [Arkansas isolate] [lm), and by not 
possessing a substieda body, as does E. macyi. The only other eimerian 
that is similar in size and shape and also has a rough outer oocyst wall is 
Eimeria sealanderi McAllister and Upton, 2009, from L. borealis 
(McAllister and Upton, 2009), but it also possesses an oocyst residuum, 
which is not present in the new species. 
EMENDED DESCRIPTION 
Eimeria catronensis Scott and Duszynski, 1997 
(Fig. 5) 
Diagnosis: Ellipsoidal oocysts (n = 2) of an eimerian with a 
smooth outer wall matching the description of Eimeria catronensis 
(Scott and Duszynski, 1997) were found in a single bat. 
Taxonomic summary 
Host: Myotis septentrionalis, adult, collected on 21 September 
2004 by David A. Saugey. Host banded and released. 
Locality: USA: Oklahoma, LeFlore County, near entrance of 
Bear Den Cave, Ouachita National Forest, 16.1 km NE of 
Talihina (34.47460o N, 94.54357°W). 
Prevalence: One of 4 (25%) M. septentrionalis; 0/1 Logan 
County, Arkansas; 0/1 Yell County, Arkansas; 1/2 (50%) LeFlore 
County, Oklahoma. 
Specimens deposited: Photovoucher of sporulated oocyst 
deposited as USNPC 105304. 
FIGURE 4. Composite line drawing of an oocyst of Eimeria tumlisoni. 
Bar = 10 [lm. 
FIGURES 5-6. Nomarski-interference contrast photomicrographs of 
oocysts of Eimeria catronensis (5) showing micropyle (M) and Eimeria sp. 
(6) showing rough oocyst wall (OW). Bar = 10 [lm for both figures. 
Sporulation: Exogenous. All oocysts were passed unsporulated 
or partially sporulated and became fully sporulated within 5 days 
at ca. 23 C. 
Site of infection: Unknown. Oocysts recovered from feces. 
Remarks 
Oocysts of our isolate of E. catronensis measured 17.7 X 12.8 [lm 
(L/W = 1.4), and sporocysts were 8.2 X 5.7 [lm (LIW = 1.4). A 
micropyle was located near the more pointed end of the oocyst 
(Fig. 5). Eimeria catronensis appears to be the only bat coccidian 
known to definitively possess a micropyle (see Duszynski, 2002). 
Bray (1958) and MandaI and Nair (1973) stated that a micropyle 
was present in Eimeria levinei from the gland-tailed free-tailed bat, 
Chaerephon bemmeleni, from Liberia, and in Eimeria andamanensis 
from the black-bearded tomb bat, Taphozous melanopogon from 
India, respectively; however, possession of this structure was 
considered doubtful by Duszynski (2002), and we concur. 
This coccidian has now been reported from 3 species of 
vespertilionid bats and 4 widely separated localities in the United 
States (see Table I). However, this is the first time that E. 
catronensis has been reported from a bat collected in Oklahoma. 
Eimeria sp. 
(Fig. 6) 
Diagnosis: Sporulated ovoidal oocysts (n = 3) of an unknown 
eimerian were found in a single M. septentrionalis. 
Taxonomic summary 
Host: Myotis septentrionalis, adult, collected on 17 September 
2004 by David A. Saugey. Specimen banded and released. 
Locality: USA: Arkansas, Logan County, Mount Magazine 
State Park, VICllllty Benefield Picnic Area (35.16395°N, 
93.646917°W). 
Prevalence: One of 4 (25%) M. septentrionalis; 1/1 Logan 
County, Arkansas; 0/1 Yell County, Arkansas; 0/2 (0%) LeFlore 
County, Oklahoma. 
Specimens deposited: Photovoucher of sporulated oocyst 
deposited as USNPC 105305. 
Sporulation: Exogenous. All oocysts were passed un sporulated 
or partially sporulated and became fully sporulated within 5 days 
at ca. 23 C. 
Site of infection: Unknown. Oocysts recovered from feces. 
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TABLE I. Comparative data on Eimeria catronensis from 3 species of vespertilionid bats from various localities. 
Host Oocyst L X W (L/W)* Sporocyst L X W (L/w)* Locality Reference 
Myotis lucifugus 
Myotis septentrionalis 
22.2 X 14.8 (1.5) 
20.2 X 13.8 (1.5) 
19.9 X 14.3 (1.4) 
17.7 X 12.8 (1.4) 
8.1 X 6.6 (1.2) 
7.8 X 6.7 (1.2) 
9.1 X 6.7 (1.4) 
8.2 X 5.7 (1.4) 
New Mexico 
Wyoming 
Arkansas 
Oklahoma 
New Mexico 
Scott and Duszynski, 1997 
Seville and Gruver, 2004 
McAllister et aI., 2004 
This report 
Myotis yumanensist 
• Average measurements in 11m (ratio). 
t Mensural data not provided for this host. 
Remarks 
Oocysts of this eimerian possessed a rough outer wall (Fig. 6) 
and measured 16.7 X 15.3 /lm (LIW = 1.1) while sporocysts were 
8.7 X 5.8 J.1ffi (LIW = 1.4). Too few oocysts were available for 
study, and additional samples must be obtained before this species 
can be identified. 
DISCUSSION 
Duszynski (2002) provided a taxonomic summary on the 
coccidian parasites of bats of the world. No coccidia had been 
previously reported from M. septentrionalis until McAllister et aI. 
(2004) reported 4 of 20 (20%) from Montgomery and Polk counties, 
Arkansas, with E. eatronensis. In addition, the only bat species ever 
examined for coccidia, to our knowledge, from Oklahoma was 10 
Brazilian free-tailed bats, Tadarida brasiliensis, from Major County 
and a single cave myotis, Myotis velifer, from Woodward County 
(McAllister et aI., 2004); however, none was passing oocysts. 
Therefore, we report the first bat coccidians from the state. 
As noted by McAllister et ai. (2011) and reiterated again here, it 
is currently difficult, to impossible, for most individuals on their 
own to survey bats for coccidia in the Ozark and Ouachita 
National Forests of Arkansas and Oklahoma with the restriction 
by the USDA Forest Service being placed on collections. Nearly 
all caves and mines are closed due to fear of spreading whitenose 
syndrome, caused by the fungus Geomyees des true tans (see Frick 
et aI., 2010). Alternatively, we suggest that an agreement be made 
between federal and state personnel currently holding valid 
scientific collection permits and those responsible for bat surveys 
with coccidiologists who wish to continue studying bat coccidia. 
Many bats remain to be surveyed from both states, and additional 
new species of coccidia are predicted if potential hosts can be 
examined in the future. 
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A NEW SPIRURID (NEMATODA) PARASITE FROM MORMOOPID BATS IN MEXICO 
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ABSTRACT: A new nematode species, Spirura mexicana n, sp" is described from specimens recovered from the esophageal mucosa of 
the Parnell's mustached bat Pteronotus parnellii, Davy's naked-backed bat Pteronotus davyi, Wagner's mustached bat Pteronotus 
personatus, and the ghost-faced bat Mormoops megalophylla in the State of Morelos, Mexico. This nematode is characterized by having 
a relatively short prostoma, 5-6 pairs of caudal papillae, and a smooth distal end of the tail in females. This is the first species of 
Spirura described from bats in the New World. 
Species in Spiruridae Oerley, 1885 are parasites of saurians and 
mammals. Only 2 species of Paraspirura Sandground, 1936 are 
known from saurians in Africa, whereas Protospirura Seurat, 1914 
and Spirura Blanchard, 1849 include 36 species occurring in 
mammals worldwide (Falcon-Ordaz and Sanabria-Espinosa, 
1995; Hering-Hagenbeck et aI., 2001; Smales, 2001). Thus far, 
only 3 species have been reported from bats including Spirura 
hipposiderosi Khalil, 1975 and Spirura nycterisi Khalil, 1975, 
infecting Hipposideros ruber (Rhinolophidae) and Nycteris 
thebaica (Nycteridae), respectively, in Tanzania. Spirura auranga-
badensis (Ali and Lovekar, 1966) is the third species infecting bats 
and occurs in Taphozus kacchensis (Emballonuridae) in India 
(Hering-Hagenbeck et aI., 2001). 
During our investigations on the helminths of bats in Mexico, 
nematodes of Spirura were recovered from the esophageal mucosa 
of Parnell's mustached bat Pteronotus parnellii (Gray, 1843), 
Davy's naked-backed bat Pteronotus davyi Gray, 1938, Wagner's 
mustached bat Pteronotus personatus (Wagner, 1843), and the 
ghost-faced bat Mormoops megalophylla (Peters, 1864) in the 
State of Morelos, Mexico. These include all 4 morrnoopid bats 
known from the state of Morelos. Nematodes were studied using 
light and scanning electron microscopy. 
MATERIALS AND METHODS 
Between September 2007 to August 2008, 90 Pteronotus parnellii were 
collected from the "El Salitre" Cave (18°45'00.03"N, 99°11'23.77"W) in 
the municipality of Xochitepec with the use of mist nets placed at the 
entrance of the cave. Additionally, 10 specimens of P. personatus, 10 of P. 
davyi, and 10 of Mormoops megalophylla were collected in the abandoned 
"America" mine located in the Biosphere Reserve "Sierra de Huautla," 
municipality of Tlaquiltenango (UTM's 0498447, 2041408 in the WGS84 
system). Bats were killed by cervical dislocation. Worms collected from the 
esophagus were fixed in hot 4% formaldehyde, cleared with glycerin, and 
temporarily mounted for morphological examination. Drawings and 
measurements were made using a Nikon 80i microscope (Nikon 
Corporation, Tokyo, Japan) equipped with a drawing attachment. All 
measurements are in micrometers except where otherwise indicated. After 
examination, all specimens were stored in vials in 70% ethanol. Four 
nematodes were dried by the critical point method for study with a Hitachi 
S2460N scanning electron microscope (Hitachi, Ltd., Tokyo, Japan). Type 
specimens have been deposited in the Coleccion Nacional de Helmintos 
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(CNHE) of the Universidad Nacional Autonoma de Mexico (Mexico City, 
Mexico), in the Coleccion Parasitologica de la Universidad Autonoma del 
Estado de Morelos (UAEM; Cuernavaca, Mexico) and in the Harold W. 
Manter Laboratory of Parasitology (HWML; University of Nebraska, 
Lincoln, Nebraska). 
DESCRIPTION 
Spirura mexicana n. sp. 
(Figs. 1, 2) 
General diagnosis: Medium-sized nematodes with elongated body, 
yellowish when alive and whitish in color when preserved. Attached 
to esophageal tissue of host with ventral hump or protuberance. Cuticle 
thin, with fine transverse annulations and prominent ventral hump 
or protuberance in first third of body, protuberance bent posteriad 
(Figs. lC, 2F). Oral aperture dorsoventrally elongated, 4 large sub-
medial papillae in an internal circle and 4 pore-like papillae in an 
external circle, 2 lateral amphids on pseudolabia. Two pseudolabia, 
symmetrical, each consisting of narrow bulge flanked by cheilorhabdion 
or cuticular expansions. Cheilorhabdion protrudes from the central oral 
region, forming 4 equal-sized lobes (Figs. IE, 2B, C). Ventral and 
dorsal joints of cheilorhabdion with finger-like protuberances (Figs. IE, 
2A, B, C). Esophagorhabdion includes 3 pairs of small "teeth-like" 
projections, arising from inner walls of prostoma (Figs. lA, B, 2A-C). 
Pair of short deirids, situated at first part of muscular portion of 
esophagus (Figs. lA, 2 D, E); excretory pore located near junction of 
muscular and glandular esophagus (Fig. lA, C). Tail conical in both 
sexes (Figs. IF-I, 2 G, H). 
Male (based on 9 specimens, measurements of holotype in parentheses): 
Body 6.07-8.90 (7.72) mm long by 170-350 (300) ~m wide, prostoma 40-
60 (60) ~ long (Fig. fA, B). Muscular esophagus 190-490 (200) ~ long, 
30-50 (40) ~m wide, glandular esophagus 2.77-3.72 (2.90) mm long, 70-90 
(80) ~ wide (Fig. lC). Deirids, nerve ring, and excretory pore 120-170 
(180) ~m, 140-250 (220) ~, and 250-460 (460) ~m, respectively, from 
anterior end (Figs. lA, C, 2D, E). Ventral hump located 1.45-2.12 (1.8) 
mm from anterior end (Figs. 1 C, 2F). Posterior end of body provided with 
caudal ventral alae 330-410 (360) ~ long supported by pedunculated 
papillae. Six pairs of caudal papillae arranged as follows: 4 pairs preanal (3 
specimens with 3 papillae on right side and 4 on left side, 3 pairs plus 
single), 2 pairs postanal, 1 pair of small phasmids at distal end of tail, 
solitary subterminal papillae (Figs. IH-I, 2H). Two unequal spicules; left 
spicule longer, strongly sclerotized, 510-740 (510) ~ long, right spicule 
140-200 (160) ~m long, gubernaculum 40-80 (40) ~m long. Cloaca 140-
210 (140) ~m from posterior end (Figs. lH-I, 2H). 
Female (based on 9 specimens, measurements of allotype in parentheses): 
Body 6.13-13.17 (13.17) mm long, 110-430 (400) ~m wide, prostoma 56-
70 (56) ~ long, muscular esophagus 190-380 (300) ~m long, 30-60 (50) 
~ wide, continued by glandular esophagus 2.43-4.55 (4.01) mm long, 80-
120 (110) ~m wide. Excretory pore, nerve ring, and deirids 150-510 (350) 
~m, 90-280 (240) ~m, and 80-200 (160) ~, respectively, from anterior 
end. Ventral hump 1.21-2.37 (2.0) mm from anterior end. Anal opening 
110-340 (180) ~m from posterior end (Figs. IF, G, 2G). Vulva near 
midbody, 3.5-5.5 (4.8) mm from anterior end, cuticle around vulva with 
small bosses (Fig. ID). Uterus contains few ova with different degrees of 
maturation, some embryonated with dense and regular shell, 40-51 (47-
50) ~ long by 18-30 (23-26) ~m wide (Fig. IJ). 
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FIGURE 1. Spirura mexicana n. sp. (A, B) Cephalic end of male and female, lateral views; (C) anterior end of male, lateral view; (D) region of vulva; 
(E) cephalic end of female, apical view; (F, G) caudal end of female, ventral and lateral views; (H, I) caudal end of male, ventral and lateral views; (J) 
embryonated egg. 
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FIGURE 2. Spirura me_"dcana n. sp., scanning electron micrographs. (A, B) Cephalic end of male, lateral and apical views; (C) cephalic end of female, 
apical view; (D) deirid of male; (E) deirid of female; (F) ventral hump of male; (G) caudal end of female, ventral view; (H) caudal end of male, 
ventral view. 
Taxonomic summary 
Type host: Pteronotus parnellii (Mormoopidae) Parnell's mustached bat. 
Other hosts: P. persona/us, P. davyi, and Mormoops megalophylla. 
Site of infection: Esophagus. 
Type locality: "EI Salitre" Cave, Xochitepec, More1os, Mexico 
(l8°45'00.03"N, 99°11 '23.77"W). 
Other localities: "America" Mine, Tlaquiltenango, Morelos, Mexico 
(l8°27'46.47"N,99°00'53.45"W). 
Collection dates: September 2007 to August 2008. 
Prevalence and intensity: Pteronotus parnellii: 18.9% (90 examined, 17 
infected), 1- 3 worms per infected host; P. davyi: 3.3% (90 examined, 3 
infected), 1-2 worms per infected host; P. personatus: 10% (10 examined, I 
infected), intensity of infection I worm per infected host; Mormoops 
megalophylla: 1.6% (120 examined, 2 infected), 1-4 worms per infected 
host. 
Deposition of types: Holotype, allotype, and para types in the CNHE 
(8253, 8254, and 8255, respectively); and paratypes in the Faculty of 
Biological Sciences, Parasitological collection of the Universidad Aut6no-
rna del Estado de Morelos, Morelos, Mexico (COPAUAEM N-545) and the 
Harold W. Manter Laboratory of Parasitology (University of Nebraska, 
Lincoln, Nebraska) (67077). 
Etymology: The species is named after its country of origin. 
Remarks 
Spirura mexicana n. sp. is characterized by the presence of external 
pore-like papillae, cuticular bosses around the vulva, a relatively short 
prostoma, 5-6 pairs of caudal papillae, and a smooth distal end of the tail 
in females. 
To our knowledge, 26 species and subspecies of Spirura have been 
reported parasitizing mammals worldwide. From this total, only 3 species 
have been reported in bats; these include S. hipposiderosi, S. nycterisi, and 
S. aurangabadensis. Spirura mexicana n. sp. can be easily differentiated 
from the 2 former species by the presence of conspicuous salient, teeth-like 
projections of the esophagorhabdion. In addition, the 2 species of Spirura 
from Mrican bats possess a cluster of small papillae-spines on the tail of 
both males and females while the new species does not, and from the latter 
by the presence of the inner circle of 4 papillae in both males and females 
which is absent in Spirura mexicana n. sp. 
Only 3 species of Spirura, i.e., Spirura guianensis, S. aurangabadensis, and 
S. mexicana n. sp. possess conspicuously salient, teeth-like projections of the 
esophagorhabdion (Figs. lA, B, 2A). Spirura mexicana n. sp. closely 
resembles S. aurangabadensis in all morphometric features; however, it can 
be distinguished by (1) the absence of minute digitiform projections on the 
tail in females of S. mexicana, (2) the absence of the inner circle of 4 papillae 
in both males and females, (3) a shorter prostoma, and (4) larger ova. Other 
differences include the lengths of spicules (510-740 and 140-200 vs. 488-612 
and 170-230) and the absence of small lateral alae in the right spicule. 
Spirura aurangabadensis reported from the esophagus of Dasyuridae, 
Lorisidae, Paramelidae, Rhinolophidae, Tapaiidae, and Muridae from 
northern, eastern, southern, and western Austria, west Malaysia, and India 
(Quentin and Krishnasamy, 1975; Spratt, 1985, 2007) also has 2 pairs of 
postcloacal papillae. Nevertheless, the other diagnostic structures assist in 
the specific differentiation. Spirura guianensis, a species reported from 
Neotropical mammals, shows 6 teeth-like projections as well. However, it 
can be easily differentiated because these structures are bifurcated in the 
former species and simple in S. mexicana n. sp. Additionally, individuals of 
S. guianensis possess well-developed pseudolabia and 5 denticles on the 
ventral side of the cheilorhabdion. 
Spirura guianensis and S. mexicana n. sp. are both Neotropical species 
but the latter occurs in bats, whereas the former has been reported in 
didelphid marsupials and callitrichid monkeys (Thatcher and Porter, 1968; 
Quentin, 1973; Gomes et aI., 2003). Spirura aurangabadensis has been 
recorded in bats from India and in dasyurid marsupials from Australia 
(Spratt, 1985). Six species of Spirura have been reported in the New World; 
4 species from North America include S. infundibuliformis McLeod, 1933 
infecting Spermophilus tridecemlineatus (Rodentia: Sciuridae), Spirura zapi 
(Erickson, 1938) in Zapus hudsonius hudsonius (Rodentia: Zapidae) from 
Minnesota, Spirura leucurusi Babero, 1973 infecting Ammospermophilus 
leucurus (Rodentia: Sciuridae), and Spirura michiganensis Sandground, 
1935 in Eutamias striatus lysteri (Rodentia: Sciuridae) from Nevada and 
Michigan, and 2 species from South America include Spirura delicata 
infecting Leontocebus mystax (Primates: Callithricidae) and S. guianensis 
from Brazil, French Guiana, and Panama (Thatcher and Porter, 1968; 
Quentin, 1973; Gomes et aI., 2003), with both species from primates. The 4 
North American species of Spirura from rodents possess 8 to 12 pairs of 
preanal papillae, making them easy to distinguish from S. mexicana n. sp. 
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RESISTANCE OF RHIPICEPHALUS MICROPLUS TO AMITRAZ AND CYPERMETHRIN IN 
TROPICAL CATTLE FARMS IN VERACRUZ, MEXICO 
Agustin Fernandez-Salas, Roger Ivan Rodrlguez-Vivas*, and Miguel Angel Alonso-Dfazt 
Centro de Ensenanza, Investigaci6n y Extensi6n en Ganaderfa Tropical, Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional 
Aut6noma de Mexico, Km. 5.5 Carretera Federal Tlapacoyan-Martinez de la Torre, C.P. 93600, Martinez de la Torre, Veracruz, Mexico. 
e-mail: alonsodm@unam.mx 
ABSTRACT: The objectives of this study were: (I) to determine the prevalence and factors associated with Rhipicephalus microplus, 
resistant to cypermethrin and amitraz, from cattle farms in Veracruz, Mexico, and (2) to determine in vitro mortality percentages of 
field populations of R. microplus exposed to discriminating doses (DD) of cypermethrin and amitraz. Fifty-three populations of R. 
microplus were tested by bioassays using DD of cypermethrin (0.05%) and amitraz (0,0002%), The prevalence of cattle farms with R, 
microplus ticks that were resistant to cypermethrin and amitraz, and co-resistant to both acaricides, was 90.6, 54.7, and 47.2%, 
respectively. The level of cypermethrin resistance, measured as a survival percentage, was higher as compared to amitraz. Cattle farms 
with :550 animals (odds ratio [OR] = 3.84,95% confidence interval [Cl] = 1.07-13.70, P = 0.038) and a stocking density of> I animal 
unit per ha (AU/ha)(OR = 4.21,95% CI = 1.0-17.71, P = 0.050) had a higher probability to develop R. microplus tick populations co-
resistant to both acaricides. In conclusion, there is a high prevalence of R. microplus populations on cattle farms in Veracruz, Mexico 
that are both resistant to cypermethrin and amitraz and co-resistant to both acaricides. The level of cypermethrin resistance is critical, 
and the exposition variables of :550 cattle and a stocking density of> 1 AU/ha were factors associated with R. microplus co-resistant to 
both acaricides. 
The cattle tick Rhipicephalus microplus is one of the major 
threats to the cattle industry in tropical and subtropical regions 
due to the direct (blood loss, skin lesions, and injection of toxins) 
and indirect (transmission of Anaplasma marginale, Babesia bovis, 
and Babesia bigemina) damage it causes to cattle (Rodriguez-Vivas 
et aI., 2007). In Mexico, the problem has increased due to the 
presence of R. microplus populations resistant to organophosphates 
(OP), synthetic pyrethroids (SP) (Rodriguez-Vivas, Alonso-Diaz 
et aI., 2006), and amitraz (Rodriguez-Vivas, Rodriguez-Arevalo et 
aI., 2006) as well as multi-resistance to these acaricides (Miller et aI., 
2007; Ferm'tndez-Salas et aI., 2012) and endectocides (Perez-Cogollo 
et aI., 2010) used to control them. Nevertheless, these chemicals are 
still the primary method for tick control in the region. 
Veracruz State has the highest number of cattle in Mexico 
(2,454,171; 10.5% of the national inventory), is the major beef 
producer (14.7% of the total national production) (INEGI, 2010), 
and is located in sixth place for milk production (708,230 L/yr) 
(INEGI, 2010). Likewise, due to its geographical location, 
Veracruz State is an important transit place for cattle exportation 
from the south of Mexico and Central and South America to the 
United States, which increases the risk of spreading resistant 
populations of ticks. In this area, feeding cattle depend on the 
direct use of forage through grazing (Castillo-Gallegos et aI., 
2005) and, consequently, parasite illnesses represent 80% of 
animal health problems in the region (Garcia-Gutierrez, 2004). 
Rhipicephalus microplus is the main cattle ectoparasite in Veracruz 
and is present throughout the year in the area (Alonso-Diaz et aI., 
2007). There are reports by veterinarians and farmers of failures 
to control this tick. Thus, epizootiological studies are necessary to 
understand the status of R. microplus tick resistance to acaricides, 
and the factors associated with its presentation, in order to avoid 
its dispersal and mitigate the negative economic impact on the 
cattle industry and public health. The objectives of this study were 
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(1) to determine the prevalence and factors associated with R. 
microplus, resistant to cypermethrin and amitraz, in cattle farms 
from Veracruz, Mexico, and (2) to determine in vitro mortality 
percentages of field populations of R. microplus exposed to 
discriminating doses (DD) of cypermethrin and amitraz. 
MATERIALS AND METHODS 
Study area 
The R. micropius tick populations evaluated in this study were collected 
from cattle farms in 4 municipalities (Misantla, Martinez de la Torre, 
Nautla, and Vega de Alatorre) in Veracruz, Mexico between September 
2010 and October 2011. The climate of the region is tropical humid with a 
mean annual temperature of 23.4 ± 0.5 C, an annual rainfall of 1,991 ± 
392 mm, and a mean relative humidity (RH) of 85% (INEGI, 2008). Tick 
control is based on the use of chemical acaricides (OPs, SPs, and amidines) 
applied by dipping, spraying, and pour-on as well as on the use of 
macrocyclic lactones. 
Sample size 
From a list of members provided by the Cattleman's Association from 
each municipality, a sample size of 53 cattle farms was determined using Win 
Episcope 2.0 software (EPIDECON, Zaragoza, Spain) and considering a 
95% confidence level, 10% error, and expected prevalence of 70% based on 
reports of similar previous studies (Rodriguez-Vivas, Alonso-Diaz et aI., 
2006; Rodriguez-Vivas, Rodriguez-Arevalo et aI., 2006). The number of 
cattle farms evaluated in each municipality was proportional to the total 
number of cattle farms in each Cattleman's Association. Selection of cattle 
farms was carried out by simple random sampling; thus, each farm had the 
same probability of being chosen. 
Tick collection and questionnaire application 
From each cattle farm, 10 bovines were chosen from which to collect 20--30 
semi-engorged female ticks for classification using morphologic characteris-
tics (Rodriguez-Vivas and Cob-Galera, 2005). Likewise, from these animals 
30--50 engorged females of R. micro pius were collected and then placed into 
small boxes with holes to allow air to circulate. Engorged females were sent to 
the Animal Health Laboratory of Centro de Enseiianza lnvestigacion y 
Extension en Ganaderia Tropical (CEIEGT) of the Facultad de Medicina 
Veterinaria y Zootecnia-Universidad Nacional Autonoma de Mexico 
(FMVZ-UNAM). Upon arrival, engorged ticks were washed with distilled 
water and immediately incubated under laboratory conditions at 27 ± 1.5 C 
and 70--80% RH (Cen-Aguilar et aI., 1998) to allow for egg laying and egg 
hatching. Live larvae of 14-21 days of age were used for resistance bioassays. 
During the sampling, a general questionnaire was administered to owners or 
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TABLE I. Prevalence of cattle farms in Veracruz, Mexico with Rhipiceph-
alus microplus ticks resistant to cypermethrin or amitraz, or co-resistant to 
both acaricides. 
Chemical acaricide 
Amitraz 
Cypermethrin 
Amitraz + cypermethrin 
Susceptible* 
Cattle farms 
among 53 
29 
48 
25 
I 
• Susceptible population to both tested acaricides. 
Prevalence 
(%) 
54.7 
90.6 
47.2 
1.9 
managers about farm management, animal breeds, and acaricides used. 
Variables considered as possible factors associated to resistance were cattle 
farm size (:550 animals; >51 animals), production system (extensive; semi-
intensive), stocking density (:51 AU/ha; >1 AU/ha), frequency of 
applications (:515 days; >16 days), criteria for treatment (routine; tick 
presence), chemical control against flies (yes; no), proximity to another farm 
(yes; no), recommended dose (recommended; another), and acaricide rotation 
(yes; no) time using the same acaricide (:51 yr; > 1 yr). 
Bioassays 
Larval packet test to determine resistance to cypermethrin: The modified 
larval packet test (Stone and Haydock, 1962) was used to test the in vitro 
efficacy of cypermethrin on R. microplus populations. Briefly, a technical 
grade acaricide dissolved in a mixture of trichloroethylene and olive oil 
(2: 1 ratio) was used to treat filter papers that were folded into packets held 
by bulldog clips. Approximately 100 R. microplus larvae were placed into 
each treated filter paper packet, which was then sealed with additional 
bulldog clips and placed in an incubator (27 C and 85-86% RH) for 24 hr. 
A DD of cypermethrin (0.05%) was used. After time had elapsed, 
mortality was determined. Three replicates and a control (filter paper with 
trichloroethylene and olive oil) were used. Only larvae that had the ability 
to walk were considered alive. 
Larval immersion test to determine resistance to amitraz: The modified 
larval immersion test was used to test the efficacy of amitraz on R 
microplus larvae of each population (Soberanes et al., 2002). Briefly, a 
commercial formulation of amitraz (Taktic® 12.5%, Intervet, Mexico City, 
Mexico) was diluted in distilled water. DD solutions (0.0002%), 10 ml 
each, were prepared in Petri dishes (15 mm in diameter) and then 
approximately 300-500 larvae were placed between 2 Whatman No. I 
papers and immersed in each solution for 10 min. Three replicates of the 
acaricide dilution and a control (distilled water) were used. Approximately 
100 larvae from the treated and control solutions were transferred to clean 
filter paper packets and kept in an incubator (27 ± 1.5 C, 80--90% RH) for 
72 hr, after which mortality was determined. 
Statistical analysis 
Questionnaire information was analyzed using descriptive statistics to 
estimate frequencies of the variables found on each cattle farm. The 
prevalence of cattle farms with R micro plus that was resistant to amitraz and 
cypermethrin, or both, was calculated using the formula of Leaverton (1991). 
A univariate analysis was performed using 2 X 2 contingency tables of 
exposure variables (Epi Info 3.5.3; CDC 2008) to estimate the association 
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level with the response variables (resistant, susceptible, and co-resistant to 
both acaricides). A chi square test was used to estimate the significance 
level for each association. Exposure variables with P-values :50.20 were 
included in a logistic-binomial regression model (multivariate analysis) 
using Statgraphics® Centurion 15.2.06 (StatPoint Technologies, Inc., 
2007). Exact regression estimates, 95% confidence intervals (95% CI), 
odds ratios (OR), P-values, and beta values (regression coefficient) were 
obtained. A P-value :50.05 was considered significant. 
RESULTS 
Questionnaire 
The questionnaire survey described the management practices 
of cattle farmers from Veracruz, Mexico. The percentage of cattle 
farms using the crossbreeds Bas taurus X Bas indicus was 90.6% 
(48/53) while the rest used Bas indicus. The percentage of farmers 
using an extensive grazing system was 92.5% (49/53) while 7.5% 
(4/53) used a semi-intensive system. The percentage of cattle farms 
having double-purpose (beef and milk) cattle production was 
75.5% (40/53) and the rest had only beef production. Overall, 
100% of the cattle producers used acaricides as the principal 
method to control ticks, with amitraz being the most widely 
utilized (58.5%; 31/53) followed by chemical mixtures (26.4%; 
14/53), SPs (11.3%; 6/53), and ivermectin and fipronil (3.8%; 2/ 
53). All cattle producers used chemicals 6 or more times per year; 
69.8% (37/53) applied acaricides every 12-15 days during the 
season of high tick infestation, 17.0% (9/53) every 21 days, and 
only 13.2% (7/53) every 30 days or more. The percentage of cattle 
producers using the recommended dose indicated by manufac-
turers was 54.7% (29/53) while 45.3% (24/53) applied incorrect 
doses. The percentage of producers applying acaricides by 
aspersion (hand spraying) was 96.2% (51/53) while 3.8% (2/53) 
applied them as a pour-on. In 94.3% (50/53) of the cattle farms, a 
cohabitation of R. microplus (a I-host tick) and Amblyomma spp. 
(a 3-host tick) was found. 
Prevalence and mortality percentages 
The prevalence of cattle farms with R microplus that were 
resistant to cypermethrin, amitraz, or co-resistant to both 
acaricides is shown' in Table I. Mortality percentages of R 
microplus after having been exposed to a DD of cypermethrin and 
amitraz are shown in Table II. 
Factors associated with resistance 
The independent variables that had P-values :50.20 in the 
univariate analysis, and which were included in the logistic 
regression, were: (1) for amitraz resistance, cattle farm size and 
production system; (2) for cypermethrin resistance, treatment 
TABLE II. Larval mortality of 53 Rhipicephalus microplus populations tested using the modified larval immersion test (discriminating dose of amitraz 
0.0002%) and larval packet test (discriminating dose of cypermethrin 0.05%) from cattle farms in the State of Veracruz, Mexico. 
Resistant 
Susceptible Mortality 
Cattle farms 100% 99-95% 94--70% 69-50% 49-20% <20% Total 
Cattle farms resistant to 
cypermethrin (frequency) 5 (9.4) 10 (18.8) 11 (20.7) 8 (15.1) 10 (18.8) 9 (17.0) 53 
Cattle farms resistant to 
amitraz (frequency) 24 (45.3) 16 (30.2) 9 (17.0) 2 (3.7) 0 2 (3.7) 53 
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TABLE III. Logistic regression analysis to identify factors associated with 
farms in Veracruz, Mexico having Rhipicephalus microplus ticks co-
resistant to amitraz and cypermethrin * . 
Variables OR CI (95%) ~ SE (~) P 
Cattle farm size 
>50 animals NA NA NA NA 
:s;50 animals 3.84 1.07-13.70 1.34 0.65 0.038 
Stocking density 
:s;IAUlha NA NA NA NA 
>1 AU/ha 4.21 1.00-17.71 1.43 0.73 0.050 
Acaricide rotation 
Yes NA NA NA NA 
No 3.71 0.76-18.07 1.31 0.80 0.104 
* OR, odds ratio; CI, confidence interval; ~, beta value; SE (~), standard error of 
beta; AUlha, animal unit per hectare; P, probability, NA, not applicable. 
interval and recommended dose, and (3) for co-resistance to both 
acaricides, cattle farm size, stocking density, and acaricide 
rotation. The cattle farms with :s;50 animals (OR = 3.84, 95% 
CI = 1.07-13.70, P = 0.038) and a stocking density of> 1 animal 
unit per ha (AUlha) (OR = 4.21,95% CI = 1.0--17.71, P = 0.050) 
had a higher probability of developing R. microplus populations 
that were co-resistant to both acaricides (Table III). There were 
no factors associated with resistance to amitraz and cypermethrin. 
DISCUSSION 
In Mexico, the main method of controlling R microplus is 
through the use of OP, SP, and amitraz (Rodriguez-Vivas, 
Alonso-Diaz et aI., 2006; Rodriguez-Vivas, Rodriguez-Arevalo 
et aI., 2006 ; Rodriguez-Vivas et aI., 2007). Nevertheless, their 
efficacy has been reduced due to the presence of R microplus that 
are resistant to these chemicals (Alonso-Diaz et aI., 2006; 
Cabrera-Jimenez et aI., 2008). Although Veracruz State has the 
largest population of cattle in Mexico, to our knowledge 
epizootiological studies about the prevalence of R. microplus tick 
populations resistant to acaricides, and the factors associated with 
its presence, have not been reported. These observational studies 
are necessary to understand the status of R. microplus resistance 
to acaricides, and the factors associated with its presentation, in 
order to avoid its dispersal and mitigate the negative economic 
impact on the cattle industry and public health. 
In the present study, the prevalence of cattle farms with R. 
microplus resistant to cypermethrin (90.6%; 48/53) was similar to 
that reported by Mendes et aI. (2011) (83.6% of populations 
resistant to cypermethrin) in Sao Paulo, Brazil but higher than the 
prevalence reported by Rodriguez-Vivas, Alonso-Diaz et aI. 
(2006) and Villarroel et aI. (2006), with 59.3% and 75.9% of 
cattle farms having R. microplus resistant to cypermethrin in 
Yucatan, Mexico and Santa Cruz, Bolivia, respectively. The 
prevalence of resistance to acaricides varies between regions 
depending mainly on factors such as ecological niches, cattle 
management, and use of acaricides (Jonsson, 1997). For example, 
in Veracruz State cattle producers apply acaricides more than 10 
times per year while cattle producers in Yucatan, Mexico apply 
acaricides less than 6 times per year (Rodriguez-Vivas, Alonso-
Diaz et aI., 2006). Jonsson et aI. (2000) mentioned that more than 
6 acaricide applications per year create a risk for the development 
of resistant ticks because it imparts different selective pressures 
for R. microplus resistance. 
In Mexico, at the beginning of 1993, amitraz began to be used 
intensively to control R. microplus tick resistance to OP and SP 
(Rosado-Aguilar et aI., 2008). In the present study, the prevalence 
of cattle farms with R. microplus ticks that were resistant to 
amitraz was 54.7% (29/53). This prevalence was higher than that 
reported by Jonsson et aI. (2000), who indicated a prevalence of 
cattle farms with R micro plus ticks resistant to amitraz of 10%, 
and Rodriguez-Vivas, Rodriguez-Arevalo et aI. (2006) indicated 
19% in Queensland, Australia and Yucatan, Mexico. These 
differences may be due to climatic conditions, management 
practices, and ecological conditions that are different between 
Queensland and Yucatan. Jonsson et aI. (2000) and Roulston 
et aI. (1981) suggested that the probabilities of occurrence of 
resistant ticks differed between regions. For example, higher 
resistance may be due to the short generation time seen in cattle 
ticks in Veracruz (Alonso-Diaz et aI., 2007), which possibly results 
in the selection for more generations of ticks as well as creating a 
need for more frequent applications of acaricides (Jonsson et aI., 
2000). 
The levels of resistance to cypermethrin found in this study, 
measured as survival percentage, were high. In 17.0% of cattle 
farms, 80--100% of the ticks survived after contact with a DD of 
this compound (Table 11). However, the survival levels of those 
that were amitraz resistant were low; 45.3% of tick populations 
were susceptible and 30.2% of the populations had only 1 to 5% 
of ticks survive amitraz contact (Table II). The knowledge of 
resistance levels among compounds in the same family, or 
between families, might help to re-design strategies of tick control 
(Fermindez-Salas et aI., 2012). It is suggested that when the levels 
. of resistance to a specific compound are greater than 80%, the use 
of this chemical family should be avoided. In contrast, when the 
levels of resistance are 30% or lower, resistance may be reversible. 
In fact, Rosado-Aguilar et aI. (2008) suggested that resistance to 
amitraz decreased sharply without selection pressure within a few 
generations. 
In the present study, a higher level of resistance, measured as 
survival percentage; and the prevalence of cattle farms with R 
microplus ticks resistant to cypermethrin rather than amitraz, 
were found. Some possible explanations for these differences 
include: (1) SPs were available on the Mexican market 10 yr 
before amitraz, (2) SPs are applied in several forms (immersion, 
aspersion, and pour-on), (3) SPs have a higher residual effect than 
amitraz (10--12 days vs. 3-5 days), and (4) SPs are used to control 
both ticks and flies. Furthermore, in Mexico, several chemical 
compounds from the SP family are used to control arthropods on 
cattle (cypermethrin, deltamethrin, and flumethrin) (Rodriguez-
Vivas, Alonso-Diaz et aI., 2006), and cross-resistance to SPs has 
been found in R microplus (Nolan et aI., 1989), selecting for 
higher numbers of tick populations resistant to these chemical 
compounds. 
Natural populations of species respond to changes that alter 
their communities and the natural environment. This response is 
an evolutionary adaptation that can be fast and complex, helping 
species to tolerate adverse conditions and still have opportunities 
for establishment (Hoffmann and Sgro, 2011). Rhipicephalus 
micro plus is a species that has the ability to accumulate different 
mechanisms of resistance to some acaricide families (Rodriguez-
Vivas et aI., 2007). In the present study, the prevalence of cattle 
farms with R. microp/us ticks resistant to both cypermethrin and 
amitraz was 43.8%. These results agree with Mendes et al. (2011), 
who reported 50% of cattle farms with R microp/us co-resistance 
to SP and OP in Sao Paulo, Brazil. The multi-resistant behavior 
of R. microp/us populations in farms from Veracruz State 
compromises the efficacy of this previously successful class of 
acaricides. 
Several factors associated with increased probability of 
resistance to different acaricides were reported by Jonsson et al. 
(2000). The risk factors differed among the acaricides tested, i.e., 
farm localization, type of application, frequency of application, 
fly control, and grazing management. Here, farms with :=;50 
animals (OR = 3.84, P = 0.038) and a stocking density of > I 
AU/ha (OR = 4.21, P = 0.050) showed a higher probability of 
developing R. microp/us co-resistance to both acaricides. To our 
knowledge, the influence of animal populations on farms (:=;50 
animals) has not been previously related with a higher probability 
of developing acaricide resistance in R. microp/us populations. 
However, Bianchi et al. (2003) mentioned that this might be a 
factor, perhaps because those farms tend to apply more acaricide 
treatments and generally use aspersion systems with the risk of 
applying inadequate dosing of animals. However, stocking 
density has been considered as a possible risk factor for the 
development of acaricide resistance in many studies (Bianchi et 
aI., 2003; Rodriguez-Vivas, Alonso-Diaz et aI., 2006; Rodriguez-
Vivas, Rodriguez-Arevalo et aI., 2006), but there is no evidence to 
confirm this suggestion. High stocking density on a farm provides 
more probabilities that ticks will complete their biological cycle; 
this may have epidemiological implications due to the larger 
number of generations per year. 
In conclusion, there is a high prevalence of R. microp/us 
populations on cattle farms from Veracruz, Mexico that are 
resistant to amitraz and cypermethrin and co-resistant to both 
acaricides. The level of cypermethrin resistance is critical and 
farms with :=;50 of cattle or a stocking density of > 1 AU/ha had a 
higher probability of developing R. microp/us tick populations 
that were co-resistant to both acaricides. 
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ABSTRACT: In total, 241 sera from clinically healthy adult horses were 
collected from 6 locations in Saudi Arabia and examined for Theileria equi 
and Babesia caballi antibodies by an indirect fluorescent antibody test. 
Antibodies to Theileria equi were detected in 25 horses (10.4%) while the 
antibodies to Babesia caballi were observed in 18 horses (7,5%), In 
addition, 7 serum samples were positive for antibodies to both parasites 
(3%), The horses sampled in AI-lanadriah had the highest prevalence of 
infection with T equi at 16,5% and with B, caballi at 8.8%, while the 
lowest prevalence of infection with T equi (4,7%) and B. caballi (3.1%) 
was observed among horses examined from the Dyrab district. However, 
significant differences (P < 0.05) in seroprevalence were not observed 
between these districts. This study represents the first report on the status 
of T equi and B. caballi infection in the central province of Saudi Arabia, 
Equine piroplasmosis, caused by Theileria equi and Babesia caballi, is 
considered to be the most important of tick-borne diseases of horses in 
tropical and subtropical regions of the world (Kuttler, 1988; Schein, 1988). 
This disease occurs in localities where horses are exposed to vectors (ticks), 
especially species of Dermacentor, Hyalomma, and Rhipicephalus (Wakler et 
aI., 2000; 10ngejan and Uilenberg, 2004), Generally, T equi is more 
pathogenic than B. caballi, but mixed infections of the 2 piroplasms may 
also occur (Kuttler, 1988; Karatepe et aI., 2009; Sigg et aI., 2010). Theileria 
equi and B. caballi infections are typically characterized by fever, anemia, 
hemoglobinuria, and death in some cases (Kuttler, 1988; Schein, 1988), For 
diagnosis of equine piroplasmosis, direct microscopic identification of the 
parasite in stained blood films is the gold standard, but it is usually difficult to 
find the organisms in blood smears of carrier horses, Thus, for epidemio-
logical studies, the indirect fluorescent antibody test (IF A T) is often used to 
diagnose the disease (Kuttler, 1988; Ogunremi et aI., 2007, 2008). 
A few studies have been published regarding the distribution of 
livestock babesiosis in Saudi Arabia (Hussein et aI., 1991; EI-Metenawy, 
1999; Al-Khalifa et aI., 2008, 2009). To date, however, there is no available 
information on the prevalence or epidemiology of equine piroplasmosis in 
Saudi Arabia. The aim of the present study was to determine the 
seroprevalences of T equi and B, caballi in a representative number of sera 
from local adult horses in the Riyadh Province of Saudi Arabia, 
Blood from 241 local horses was collected in December 2008 from 6 
regions in Saudi Arabia, i,e., Al-lanadriah (n = 91), Dyrab (n = 64), Al-
Kharj (n = 35), Rumah (n = 19), Shaqra (n = 19), and Az-Zelfi (n = 13) 
(Fig. I). Ten blood samples were collected from the jugular vein of each 
horse in vacuum tubes without anticoagulant. The blood samples were 
transported to the parasitology lab at the Faculty of Science, King Saud 
University, After clotting, the samples were centrifuged at 4,000 rpm for 
10 min; the serum was decanted and stored at -20 C until assayed for the 
antibodies to T equi and B. caballi, 
Theileria equi and B, caballi IF AT kits (piroplasm and schizont 
antigens, positive and negative control sera, and anti-horse IgG FITC 
conjugate) were obtained from Fuller Laboratories (Fullerton, Califor-
nia), A Zeiss standard fluorescent microscope (Zeiss Manufacturing, 
Oberkochen, Germany) was used in the IFAT test. The tests were 
performed according to the procedures described in the commercial kit. 
SPSS software (Statistical Package for Social Sciences, version 16,0, 
[2008] for Windows, Sydney, Australia) was used for statistical analyses, 
The chi square test was applied to compare the rates of seropositivity 
between study sites. Statistical significance in this study was defined as 
P < 0,05, 
DOl: lO.1645/GE-2997.1 
Results for the detected serum antibodies to T equi and B. caballi and 
the prevalence in the examined horses are summarized in Table I. 
Antibodies to T equi were detected in 25 horses (10.4%) while antibodies 
to B. caballi were detected in 18 horses (7.5%), Seven serum samples were 
positive for both parasites, The horses sampled in lanadriah had the 
highest prevalence for T equi (16,5%) and B. caballi (8,8%) infection, 
while the lowest prevalence was found among horses from Dyrab, 4,7% 
for T equi and 3.1 % for B, caballi, Statistically, there were no significant 
differences in seroprevalence (P < 0.81) for infections; however, we 
observed differences between the various locations of this study, 
The IF A T for B, caballi is more sensitive than the complement fixation 
test (CFT) (92% vs, 28%) and slightly less specific (95% vs. 99%) 
(Ogunremi et aI., 2008), The IFAT for T equi is more sensitive than the 
CFT (89% vs. 63%) while the estimated specificity is the same (96%) 
(Ogunremi et aI., 2007). Here, we decided to use the IFAT because of its 
high sensitivity and specificity, 
Equine piroplasmosis is an important disease of horses caused by T 
equi and B. caballi; both invade the red blood cells, causing their 
destruction. Theileria equi and B, caballi, which are widespread 
throughout the world, are transmitted by ixodid ticks (Kuttler, 1988; 
Schein, 1988). Several studies on the seroprevalence of T equi and B. 
caballi have been conducted in different countries (Table II), High 
infection levels are mostly found in subtropical and tropical regions. 
For example, in Brazil, between 80 and 90% infection levels have been 
reported for both parasite species (Xuan et aI., 2001; Heim et aI., 2007). In 
Europe, published data reflecting larger geographical areas exist only from 
Spain, i.e., a seropositivity of 94% for T equi and 90% for B. caballi by 
IFAT in Cordoba (Tenter et aI., 1987) and 40% for T equi and 28.3% for 
B. caballi by IFAT in Galacia (Camacho et aI., 2005). The seroprevalence 
studies in Turkey showed antibodies to T equi with a range of 0-100% 
and for B, caballi from 0-33,33% of horses by IF AT (Akkan et aI., 2003; 
Balkaya and Erdogmus, 2006; Karatepe et aI., 2009). However, both 
parasites were reported from different geographical locations in the 
Middle East. For example, the prevalence of each parasite reported from 
FIGURE 1. Map of Saudi Arabia showing the study regions (central 
province). The localities for the study are marked as follows: += AI-
lanadriah; 11-= AI-Kharj;. = Dyrab; 0= Rumah; 0 = Shaqra; ~ = Az-
Zilfi, 
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TABLE I. The number and prevalence of positive sera for antibodies to 
Theileria equi and Babesia caballi in horses of different localities in Riyadh 
province, Saudi Arabia. 
No. and prevalence No. and prevalence 
No. of (%) of positive (%) of positive 
Location samples sera to T. equi sera to B. caballi 
AI-Janadriah 91 15 (16.5) 8 (8.8) 
AI-Kharj 35 2 (5.7) 3 (8.6) 
Dyrab 64 3 (4.7) 2 (3.1) 
Rumah 19 2 (10.5) 2 (10.5) 
Shaqra 19 I (5.2) 1 (5.2) 
Az-Zilfi 13 2 (15.4) 2 (15.4) 
Total 241 25 (10.4) 18 (7.5) 
TABLE II. The seroprevalence of Theileria equi and Babesia caballi 
antibodies in horses in different surveys from various geographical regions. 
Prevalence % 
T. equi B. caballi Country Reference 
94.0 90.0 Cordoba province, Spain Tenter et aI., 1987 
81.0 90.0 Brazil Xuan et al. 2001 
34.0 32.0 Japan Ikadai et al. 2002 
40.0 28.3 Galicia province, Spain Camacho et ai, 2005 
12.8 9.6 Nigde province, Turkey Karatepe et aI., 2009 
12.4 17.9 Italy Moretti et aI., 2010 
4.4 1.5 Switzerland Sigg et aI., 2010 
10.4 7.5 Saudi Arabia Present study 
Omanian horses was 60.4% for T. equi and 6.3% for B. caballi (Donnelly 
et al., 1980). Clinical and hematological studies confirmed babesiosis 
infection in 103 racing horses from Jordan (Hailet et aI., 1997). Clinical 
study from Iranian horses confirmed a mixed infection of T. equi and B. 
caballi (Seifi et aI., 2001). In Sudan, infection was 63.5% for T. equi and 
4.4% for B. caballi (Salim et aI., 2008) and, in Egypt, c-Elisa results for 115 
drought horses showed 54.39% of horses were infected with T. equi 
whereas B. caballi-infection was 86.58% (AI-Saad et aI., 2010). The 
differences between their results and those reported here from Saudi 
Arabia may be due to the number of horses examined and to differences in 
the geographical distribution of vectors between these countries. 
In the present study, the prevalence of T. equi and B. caballi infection in 
horses in the Province of Riyadh is probably related to the distribution 
and intensity of tick infestation in this region. The vector for both T. equi 
and B. caballi in Saudi Arabia is most likely Hyalomma impeltatum, which 
has been frequently encountered on horses (Al-Khalifa et aI., 1983). The 
same species of tick has also been previously reported on sheep, goats, and 
camels in several provinces of Saudi Arabia (AI-Khalifa et aI., 1987; Diab 
et aI., 1987; Hussein et aI., 1988; EI-Azazy et aI., 2001). 
Results obtained here assist in understanding aspects of the biology of 
T. equi and B. caballi in Riyadh Province. Based on our study, we 
recommend that horses should either be tested for both T. equi and B. 
caballi infection prior to importation to Saudi Arabia, and prior to 
moving horses from farm to farm, because a considerable number have 
become asymptomatic carriers of both parasites. Further studies are 
necessary to establish the seroprevalence of equine piroplasmosis in other 
provinces of Saudi Arabia. 
We are grateful to the Center of Excellence for Biodiversity Research, 
College of Science, King Saud University, Riyadh, Saudi Arabia for 
supporting this work. 
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ABSTRACT: The aim of this study was to evaluate the concentrations of 
copper, iron, and zinc in blood serum of dogs experimentally infected with 
Rangelia vitalii (n = 7) compared with uninfected controls (n = 5). Serum 
metal levels were determined in blood samples collected at days 0, 10, 15, 
and 20 post-infection (PI). Inductively coupled plasma optical emission 
spectrometry was used to measure the levels of copper, iron, and zinc. 
Significant differences (P < 0.05) were observed among groups PI. 
Increased levels of copper and decreased levels of iron and zinc were 
observed in the infected animals. The infection by R. vitalii may, therefore, 
alter the serum metal levels, resulting in metabolic disorders in dogs. These 
metals are directly involved in many enzymatic systems; accordingly, 
alterations in their blood concentrations may also influence the 
pathogenesis of disease. 
A hemorrhagic disease affecting dogs in Brazil, popularly known as 
"nambiuvu" (bloody ears) and believed to be transmitted by ticks, has 
been observed in animals infected with an organism originally described in 
1910 as a piroplasm and locally known as Rangelia vitalii (Pestana, 1910; 
Loretti and Barros, 2005). A recent genetic study showed that R. vitalii is 
phylogenetically closely related to species of the Babesia spp. sensu stricto 
group of piroplasms (Soares et aI., 2011). The disease is characterized by 
anemia, jaundice, fever, splenomegaly, lymphadenopathy, hemorrhage 
along the gastrointestinal tract, and persistent bleeding through the tips of 
pinnae, external surface of the ears, nose, and oral cavity (pestana 1910; 
Krauspenhar et aI., 2003; Loretti and Barros, 2005; Fighera et aI., 2010). 
There are several studies dealing with pathogenesis that include clinical 
characteristics, hematological and pathological findings, and treatment of 
dogs naturally infected with R. vitalii (Fighera et aI., 2010; Franca et aI., 
2010). Severe anemia and thrombocytopenia were also reported in 7 cases 
of natural infection described by our research group (Franca et aI., 2010). 
According to various researchers, dogs with rangeliosis exhibit a hemolytic 
disease, exclusively extravascular and immune-mediated, with typical 
clinical signs that include regenerative anemia, jaundice, splenomegaly, 
and lymphoid hyperplasia in various organs (Fighera et aI., 2010). 
Little is known about the pathogenesis of rangeliosis in the acute phase 
in cases of experimental and natural infections. Among the parameters not 
evaluated are the concentrations of heavy metals in the blood, which are 
responsible for regulating a number of vital functions in mammals (Beisel, 
1977; McDowell, 1992; NRC, 2001). Iron (Fe) is involved with the 
electron transport (cytochromes), activation (oxidase and oxygenases), 
and transport (hemoglobin and myoglobin) of oxygen (Williams et aI., 
1976) and is, consequently, important in the development of anemia. Zinc 
(Zn) is associated with nucleic acid and carbohydrate metabolism, protein 
synthesis, and the production, storage, and secretion of hormones as well 
as in the activation of various cell membrane receptors and in organic 
responses (McDowell, 1992). Copper (Cu), an important constituent of 
many enzymes such as cytochrome oxidase, is necessary in the electron 
transport system for the transfer of electrons to oxygen. Superoxide 
dismutase is also necessary in the electron transport system and is involved 
in protection of cells from toxic effects of aerobic metabolism, collagen 
and elastin formation, and the absorption and transportation of iron 
which is involved in hemoglobin synthesis (NRC, 2001). Therefore, in the 
present study, we sought to evaluate the serum concentrations of copper, 
Iron, and zinc in dogs experimentally infected with R. vitalii. These metals 
are involved in several physiological functions as mentioned above which 
is why they were chosen to be measured in rangeliosis. Other met;ls were 
DOl: lO.1645/GE-2985.1 
not evaluated due to an insufficient volume of sample for the techniques 
available in our laboratory. 
Twelve female mongrel dogs (6- to 12-mo-old) were used as previously 
described (Da Silva et aI., 2011). The animals, determined to be free of 
Babesia spp., Hepatozoon spp., Ehrilichia spp., and R vitalii natural 
infection (2 blood samples tested by PCR at 10-day intervals) (Da Silva 
et aI., 2011), were infected with R. vitalii (n = 7) or served as uninfected 
controls (n = 5). Fresh blood samples of the infected animal (Dog 13; a 
canine used to maintain the isolation of the parasite in the laboratory) 
were inoculated in 7 dogs (2 mlldog through the jugular vein) as described 
previously by Da Silva et al. (2011). 
The animals were manually restrained and blood samples collected by 
jugular venipuncture on days 0, 10, 15, and 20 post-inoculation (PI). The 
blood collected was allocated to test tubes without anticoagulant in order 
to obtain the serum. For preparation of serum, the samples were 
centrifuged for 10 min at 3,500 g at 4 C. The serum obtained was frozen 
at -20 C for 18 days, at which time the 3 elements were assayed. 
For determination of copper, iron, and zinc in blood serum, the 
methodology used was according to Mesko et al. (2006). After treatment 
with concentrated nitric acid using a microwave-assisted digestion system 
(Model Multiwave™ 3000, Anton Paar, Austria), digests were diluted to a 
constant volume with ultra pure water (Millipore, Billerica, Massachu-
setts). Determination of copper, iron, and zinc in blood serum was 
performed following the procedure of Peixoto et al. (2008), with some 
modifications, using an inductively coupled plasma optical emission 
spectrometer (ICP OES, Spectro Analytical Instruments, Model Spectro 
Ciros CCD, Kleve, Germany) with axial view configuration and a cross-
flow nebulizer coupled to a double-pass Scott-type nebulization spray 
chamber. Copper, iron, and zinc were determined according to the most 
intense lines (324.752, 238.204, and 213.857 nm, respectively) for the 
measurement of these elements. The operating conditions of the ICP OES 
equipment included radiofrequency power set at 1400 W; argon used for 
plasma generation and, plasma gas flow rates were set at 14, 1.00, and 
0.90 Llmin for principal, auxiliary, and nebulizer gas, respectively. The 
calibration standards were prepared from a multi-elemental standard 
solution by sequential dilution in 5% nitric acid in the range of 2.5-100 I!g/ 
L. The operating conditions used for ICP OES were selected according to 
the manufacturer's recommendations. The samples were then appropri-
ately diluted in 5% HN03 (v/v) by the factor necessary to stay in the same 
concentration range of the calibration curve. Total concentrations of iron, 
zinc, and copper were measured from serum samples. 
The results were subjected to analysis of variance and means were 
compared by Student's t-test. Values with a probability (P) less than 5% 
were considered statistically different. The results were also compared with 
reference values for dogs available in Bush (2004), i.e., Cu: 100-200 /-lg dl- I 
and Fe: 84-233 /-lg dl-I. Reference values for Zn were not found for dogs. 
A significant (P < 0.05) increase in copper levels was observed at days 
15 and 20 PI in dogs infected with R vitalii when compared to uninfected 
animals (Fig. la) (Bush, 2004). The iron (Fig. Ib) and zinc levels (Fig. Ic) 
were significantly (P < 0.05) reduced at days 10, 15, and 20 PI in infected 
animals. The levels of iron in the infected animals on day 20 PI were lower 
than reference values (Bush, 2004), showing that the disease leads to a 
deficiency of this metal. Similar results were observed in dogs naturally 
infected with Hepatozoon canis (Seyrek et aI., 2009) and Leishmania 
chagasi (Pasa et aI., 2003) and in cats experimentally infected with 
Trypanosma evansi (Da Silva et aI., 2009). In addition to other infectious 
diseases, rangeliosis changes the level of metals in blood, which may reflect 
the pathogenesis of this disease. These alterations are clearly related to the 
hematologic and pathologic changes which occur in dogs infected with R 
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FIGURE I. Influence of Rangelia vitalii infection on minerals in experimentally infected dogs: (a) copper, (b) iron, and (c) zinc. Asterisks indicate 
statistical difference (*P < 0.05; **P < 0.01) between infected and non-infected groups. 
vitalii. Therefore, there is considerable evidence for interactions between 
parasitic diseases and essential trace elements (Filteau and Tomkins, 
1994). 
In the present study, dogs infected with R vitalii showed a reduction in 
levels of circulating iron in addition to a decrease in hematocrit as 
described by Da Silva et ai. (2011). Anemia is a frequent finding in 
rangeliosis (Fighera et aI., 2010; Franc;;a et aI., 201O), similar to other blood 
diseases of dogs such as leishmaniasis, hepatozoonosis, babesiosis, and 
ehrlichiosis (Pasa et aI., 2003; Chaudhuri et aI., 2008; Seyrek et aI., 2009; 
Mylonakis et aI., 201O) in which levels of iron are also reduced. Iron 
deficiency may be a potential factor contributing to the persistent anemia 
in myelosuppressive canine monocytic ehrlichiosis (Mylonakis et aI., 
2006). A possible explanation for the iron decrease may be the action of 
hepcidine, a peptide hormone produced in liver tissue which regulates iron 
homeostasis (Grotto, 2008). During inflammation, many cytokines are 
released to orchestrate the immune response, and interleukin-6 has a key 
role in this process. This cytokine promotes the release of hepcidine that, 
in turn, leads to the decrease of serum iron (Grotto, 2008). The decrease of 
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iron in blood serum can also modify the immune response, as the 
lymphoid cells are dependent on iron for cell division, electron transport, 
oxidation-reduction reactions, and phagocytic activity (Saker, 2006). 
In addition to rangeliosis, the zinc levels are reduced by other parasite-
induced diseases such as babesiosis, leishmaniasis, and hepatozoonosis 
(Pasa et aI., 2003; Chaudhuri et aI., 2008; Seyrek et aI., 2009). Zinc is a 
nutritional nutrient necessary for the normal development and mainte-
nance of immunologic functions related to T lymphocytes. Impairment of 
immunological response is frequently observed in animals with reduced 
levels of zinc (Prasad, 1993; Schlesinger et aI., 1993). Moreover, reduction 
of serum zinc may be related to the immune system activation against the 
parasite. However, the reduction of serum iron and zinc levels may also 
have occurred as a result ofreduced mineral ingestion because the animals 
exhibited anorexia during the experiment. 
The dogs with rangeliosis showed an increase in the concentration of 
r;opper, similar to what happens in hepatozoonosis (Seyrek et aI., 2009) 
and leishmaniasis (Pasa et aI., 2003) but different from that which occurs 
in babesiosis (Chaudhuri et aI., 2008). The increased serum copper levels 
may be explained by a relocation of copper, a decrease in stores, and a 
reciprocal increase in circulating copper. As cited in Seyrek et al. (2009), 
"Plasma copper concentrations are commonly used as a surrogate marker 
of copper status in many clinical trials, plasma copper represents a very 
small amount of total body copper stores, and there is a poor correlation 
between plasma copper concentrations and body stores (Jackson, 1989)." 
The increase in copper may also be related to the immunological response 
to the parasite because the ceruloplasmine, an acute-phase protein, is 
mainly responsible for the transportation of copper, with each molecule of 
ceruloplasmin able to carry up to 6 copper atoms. This could explain the 
increased levels of copper, as ceruloplasmine is an inflammatory marker 
(Lewis, 1984) and may be increased by infection with R vitalii. 
teruloplasmin is a glycoprotein that carries more than 95% of the plasma 
copper and catalyzes the oxidation of ferrous iron (Fe2+) to ferric 
iron (Fe3+) (McDowell, 1992), which produces a negative correlation 
between the concentrations of iron and copper. Usually, copper deficiency 
results in an increase of iron as a result of oxidative reaction that elevates 
serum levels of Fe3+ (unabsorbed) and promotes the mobilization of iron 
away from tissues to plasma (Swenson and Reece, 1996). The opposite is 
/llso possible, as an excess of copper can cause a reduction of iron 
(Swenson and Reece, 1996) as observed in the present study. 
Our results indicate that R vitalii infection in dogs decreases the serum 
levels of iron and zinc and increases the levels of copper. These alterations 
may be related to the clinical state of animals because, in infectious 
diseases, declines in iron and zinc serum concentrations are the first signs 
of metabolic impairment. 
The present study was approved by the Animal Welfare Committee of 
the Universidade Federal de Santa Maria (UFSM), protocol 15/2010. 
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ABSTRACT: Plagiorchis elegans has been shown to decrease the fecundity 
and survivorship of the incompatible snail host Biomphalaria glabrata, 
Furthermore, a prior infection with P. elegans was shown to render the 
snails resistant to the compatible parasite Schistosoma mansoni. Here, we 
test the hypothesis that infection with P. elegans stimulates the immune 
system of B. glabrata. Our findings indicate that infection by P. elegans 
significantly increased the number of free hemocytes in the hemolymph of 
B. glabrata by an average of -60%. Furthermore, this immuno-stimulated 
state lasted from the first day post-infection (PI) to some time between 7 
and 21 days PI. This is one of the few reported examples of a parasite 
stimulating the immune response of an incompatible host. 
Zakikhani and Rau (1998a), Zakikhani et al. (2003), and Daoust et al. 
(2009, 2010) explored novel relationships between the digenean parasite 
Plagiorchis elegans (Rudolphi, 1802) and the incompatible snail hosts 
Biomphalaria glabrata (Say, 1818) and Bulinus truncatus (Audoin, 1827). 
Although P. elegans did not develop past the sporocyst stage in either snail 
species, infected B. glabrata were observed to have lower survivorship and 
a permanent reduction in fecundity, whereas infected B. truncatus suffered 
only a transient reduction in fecundity (Zakikhani and Rau, 1998a; 
Daoust et al., 2009). Furthermore, prior exposure to P. elegans eggs 
rendered B. glabrata less suitable to the compatible parasite Schistosoma 
mansoni (Sambon, 1907); indeed, Zakikhani et al. (2003) reported a 
reduction in S. mansoni cercaria production of 88% in snails exposed to 
P. elegans. 
There is evidence to suggest that this acquired resistance to S. mansoni is 
due to interactions between the snail host's internal defense system and the 
P. elegans sporocysts. Monteil and Matricon-Gondran (1991) reported 
that hemocytes of the snail Lymnaea truncatula (Muller) adhere to the 
surface of the sporocysts of the plagiorchiid Haplometra cylindracea 
(Zeder, 1800), where they form a paletot, a unique structure enveloping 
the sporocysts of various plagiorchiid digeneans, which serves as 
protection and nourishment. Zakikhani et al. (2003) speculated that the 
sporocysts of P. elegans may stimulate the immune system of B. glabrata, 
but because the sporocysts do not develop, the number of free hemocytes 
may remain high, diminishing the success of a subsequent infection with 
S. mansoni. In the present study, we test the hypothesis that infection with 
P. elegans stimulates the immune system of the incompatible snail host 
B. glabrata, resulting in high levels of free hemocytes in the hemolymph. 
Plagiorchis elegans has been maintained in our laboratory for more than 
a decade, using hamsters, Mesocricetus auratus, as the definitive host, 
laboratory-reared Stagnicola elodes as the first intermediate host, and 
laboratory-reared fourth instar Aedes aegypti larvae as the second 
intermediate host (Zakikhani and Rau, 1998a, 1998b; Daoust et al., 
2009, 201O). Eggs of P. e/egans were obtained from the feces of 
experimentally infected hamsters. Eggs were separated from the fecal 
debris by washing through a series of 3 brass sieves (mesh sizes 200, 65, 
and 37 J.llIl), collected in a 20-llm mesh sieve, rinsed from the sieve, and 
allowed to embryonate in water at 20 ± 4 C for 4 days before they were 
fed to snails. Egg dosage was determined by re-suspending the eggs in 
water and determining their mean concentration based on the number of 
eggs found in ten 0.025-ml samples drawn by automatic pipette. The 
suspension was then diluted to obtain the desired number of embryonated 
eggs per sample (Zakikhani and Rau, 1998a). 
DOl: IO.I645/GE-3106.1 
Adult (8-1O-mm shell diameter) B. glabrata (Puerto Rican strain) 
individuals were obtained from the Biomedical Research Institute, 
Rockville, Maryland. They were maintained in an incubator at 26.5 C, 
under a L12:DI2 photoperiod with -50% relative humidity (EI-Emam 
and Madsen, 1982). Snails were initially kept in aquaria (26 X 18 X 8 cm) 
filled with 1.5 L of aerated tap water and fed washed Romaine lettuce and 
powdered calcium carbonate ad libitum. Snails were allowed to acclimate 
to laboratory conditions for 1 wk prior to use. 
Four-hundred adult B. glabrata individuals were placed individually 
into 473-ml plastic containers containing 100 ml of water and 3-4 flakes of 
Tetramin®. Two-hundred individuals were exposed to a concentration of 
25 embryonated P. elegans eggs and became infected by ingesting the eggs, 
which hatched in the digestive tract, whereas the other 200 were only 
exposed to an equal volume of water. Snails were exposed for 1 hr, after 
which each container was supplemented with an extra 100 ml of water, 
food, and calcium carbonate. The experiment took place in a locked, 
walk-in incubator kept at 26.5 C, under a L12:DI2 photoperiod with 
-50% relative humidity. Snails were fed small pieces of Romaine lettuce 
ad libitum, and the water was changed every 2 wk to stimulate egg 
production (Boyle and Yoshino, 2000). Ten S. elodes individuals from the 
laboratory stock culture were exposed to the same batch of fluke eggs to 
assess infectivity. These snails were exposed individually in culture dishes, 
as described previously, and transferred to 473-ml containers and 
monitored weekly for cercariae production. 
Fifteen infected and uninfected individuals were randomly selected for 
hemolymph extraction and hemocyte count at 1 hr post-infection (PI) and 
0, 1,2,7,21, and 49 days PI. We initially planned to sample at 14 days PI, 
but high mortality of the infected group forced us to abandon this 
sampling date. The snails were bled by foot retraction (Sminia and 
Barendsen, 1980; Adema et al., 1992). Using a sterilized Pasteur pipette, a 
drop of hemolymph was transferred to a hemacytometer (Bright-Line® 
Hemacytometer, Hauss.er Scientific, Horsham, Pennsylvania) and left for 
4 min, to allow the cells to settle to the same plane. The number of free 
hemocytes was estimated by the quadrate count method within a total 
volume of 0.016 mm3• All snails were dissected in order to confirm P. 
elegans infection. 
To correct for the bias associated with snail size, we divided the number 
of hemocytes per microliter by the shell diameter. Because the data did not 
satisfy the conditions for normality (Sokal and Rholf, 1995), Wilcoxon 
rank sum tests were used to compare the mean number of hemocytes 
between infected and non-infected individuals at each sampling date. 
All snails exposed to P. elegans were infected with at least 1 mother 
sporocyst, which were found on the external surface of the digestive tract, 
which is consistent with previous observations (Zakikhani and Rau, 
1998a). At 0 days PI, no significant difference in the mean number of 
hemocytes between infected and un-infected snails was observed (W = 50, 
P = I) (Fig. I). The mean number of hemocytes differed significantly 
between infected and un-infected at 1 (W = 8, P = 0.00167), 2 (W = 15, 
P = 0.0068), and 7 (W = 10, P = 0.0015) days PI (Fig. I). No significant 
difference was reported in the mean number of hemocytes between 
infected snails at 21 (W = 35, P = 0.2729) and 49 (W = 64, P = 0.315) 
days PI (Fig. I). 
In agreement with the hypothesis proposed by Zakikhani et al. (2003), 
our data indicate that infection by P. elegans significantly increases the 
number of free hemocytes in the hemolymph of B. glabrata, and this by an 
average of almost 60%. Due to heavy mortality associated with parasitic 
infection, we had to reduce the number of sampling dates PI that were 
planned. Accordingly, determination of the time frame for the immuno-
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FIGURE I. Comparisons of the mean number of hemocytes per 
0.016 mm3 of hemolymph (± SE) (corrected for snail size) between 
Biomphalaria glabrata exposed to 25 Plagiorchis elegans eggs and controls 
at 0, 1,2, 7, 21, and 49 days PI (N = 30). 
stimulatory effect of P. elegans remains unresolved. From these data, we 
can state that snails were immuno-stimulated from the first day PI to a 
point between 7 and 21 days PI. These results also support the findings of 
Zakikhani et al. (2003), who reported that B. glabrata remained resistant 
to S. mansoni 2 wk after P. elegans exposure. This represents one of the 
few examples of a parasite stimulating the immune response of an 
incompatible host. 
This work was supported by an NSERC grant to M. E. Rau. 
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ABSTRACT: Consumption of raw freshwater fish produced in both rural 
farm and urban wastewater ponds is a common practice in Vietnam. The 
present study assessed the risk of fish-borne zoonotic trematode (FZT) 
infection from fish raised in both these aquaculture systems in northern 
Vietnam. The diversity, prevalence, and infection intensity of FZT 
metacercariae in 1,500 freshwater fish collected from 6 sites located in 
rural and urban areas in northern Vietnam were investigated. The specific 
diagnosis of species was made by morphologic methods. The overall FZT 
prevalence in fish from both urban wastewater ponds and rural farm 
ponds was 11.2%. In wastewater ponds, the overall prevalence was 5.1%, 
ranging from 2.0% in tilapia to 7.3% in common and grass carp. In fish 
from farm ponds, the prevalence was 17.3%, and ranged from 6.7% in 
mud carp to 26.7% in common carp. The mean intensity of FZT infection 
was also higher in fish from farm ponds than that in fish from wastewater 
ponds (6.0% and 8.4%, respectively). The FZT species recovered from 
infected fish included both liver (Clonorchis sinensis) and intestinal flukes 
(Haplorchis taichui, Haplorchis pumilio, and Centrocestus formosanus). The 
prevalence of FZT in fish raised in these common farm systems represents 
a significant public health risk for a population with a strong cultural 
preference for consuming raw or inadequately prepared fish. These 
research results should encourage the public health and agriculture sectors 
to conduct the risk factor research required to develop control programs 
for FZT. 
Fish-borne zoonotic trematodes (FZT) are encountered worldwide, but 
especially in Asian countries, and they are recognized as an important 
group of human pathogens (WHO, 1995; Chai, Murrell, and Lymbery, 
2005; Keiser and Utzinger, 2005). FZT include liver flukes (Opisthorchi-
idae) and intestinal flukes, e.g., Heterophyidae, Echinostomatidae, and 
Leicithodendriidae (Yu and Mott, 1994). In Southeast Asia, recent 
research suggests that there are about 1.5 million people in Korea, 6 
million in China, and over 5 million in Thailand infected with liver flukes, 
either Clonorchis sinensis or Opisthorchis viverrini (Chai, Murrell, and 
Lymbery, 2005). In addition, numerous species of intestinal flukes have 
been reported from China (Yu and Xu, 2005), Korea (Chai, 2005), 
Thailand (Waikagul and Radomyos, 2005), and Laos (Chai, Park et al., 
2005). 
In Vietnam, FZT are a major national public health problem and widely 
distributed. WHO (1995) estimates that approximately 1 million people in 
Vietnam are infected with the liver flukes C. sinensis and 0. viverrini. 
These FZT were found in more than 32 of the 64 provinces in the country 
(De and Thuan, 2006), with prevalence in some provinces, i.e., Nam Dinh, 
Ninh Binh, Ha Tay, Thanh Hoa, Phu Yen, and Binh Dinh, at more than 
30% (De et al., 2003; De and Thuan, 2006; De and Le, 2011). 
The fisheries sector in Vietnam plays an important role as a source of 
protein for domestic consumption and as an export commodity in the 
form of aquaculture products. From 1998 to 2008, the aquaculture sector 
in Vietnam expanded rapidly, with the production volume increasing 
nearly 6-fold from 425,000 tons to about 2.5 million tons in 2008 (Phan, 
Ersboll, Te et al., 2010). In the same period, the overall export value of 
seafood increased from 858 million USD to 4,510 million USD (see Phan, 
Ersboll, Nguyen et al., 2010) Vietnamese aquaculture systems include 
marine, brackish water, and freshwater aquaculture. The freshwater 
aquaculture production environments include ponds, ditches, cages, net 
enclosures, and pens in reservoirs, lakes, rivers and channels, and paddy 
fields. Rural farm ponds are generally small and used to produce fish in an 
integrated vegetable-aquaculture-animal husbandry production system 
DOl: lO.1645/GE-3112.1 
(referred to as V AC, Vuon = garden, Ao = pond; Chuong = cage or 
pigsty). 
In Vietnamese aquaculture, intestinal FZT species are common in both 
farm-raised (cultured) and wild fish (Hop et al., 2007; Thien et al., 2007; 
Thu et al., 2007; Chi et al., 2008; Thanh et al., 2009; Phan, Ersboll, Te et 
al., 2010). Major risk factors for FZT transmission in farm ponds are the 
presence of snail vectors and contamination of the ponds with human and 
animal feces (Anh et al., 2009; Dung et al., 2010). The water supply in such 
fish farm ponds can be contaminated with FZT eggs by the common 
practice of adding fecal material to the pond as fertilizer, drainage of 
latrines and pig pens, and surface water runoff from the surrounding pond 
environment. In Vietnam, city wastewater is mainly untreated and often 
used for aquaculture (Lan et al., 2007); the nutrients in wastewater 
support the growth of plankton and other microorganisms that are 
consumed by the fish, reducing the need for additional feed. In an earlier 
study on urban wastewater ponds near Hanoi and Nam Dinh City, Hop et 
al. (2007) found FZT prevalence in fish to be less than 10%, but values 
were higher in fish from rural ponds. The objective of our study was to 
obtain a larger data set on the occurrence, distribution, and diversity of 
FZT species in fish raised in wastewater-fed aquaculture systems in urban 
northern Vietnam compared to those in fish farmed in rural environments. 
Fish samples were collected from urban wastewater ponds located in 3 
northern Vietnam cities, i.e., Nam Dinh City in Nam Dinh Province, Hoa 
Binh City in the mountain province of Hoa Binh, and in Hanoi, the 
national capital. One pond in the center of each city was selected for fish 
collection. One farm pond from each of 3 rural communes was sampled, 
i.e., Hai Hoa ofHai Hau district (Nam Dinh Province), Hop Thinh in Ky 
Son district (Hoa Binh Province), and Hai Boi in Dong Anh district 
(Hanoi Capital Region). From each of the urban and rural ponds, 250 fish 
were collected by seine during the summer of 2009 (April to June). The 
number of fish collected was based on an estimated FZT prevalence of 
20% (De et al., 2003; Chi et al., 2008; Phan, Ersboll, Te et al., 2010). The 
fish species collected included common carp (Cyprinus carpio), silver carp 
(Hypophthalmichthys mplitrix), grass carp (Ctenopharyngodon idellus), 
mud carp (Cirrhinus molitorella), and tilapia (Oreochromis niloticus). The 
fish were placed on ice and transported within 12 hr to the Parasitology 
Laboratory of the Hanoi Medical University, Hanoi, where they were 
processed for recovery of metacercariae using a pepsin digestion method 
(Chi et al., 2008; Phan, Ersboll, Te et al., 2010). In the laboratory, fish less 
than 200 g in weight were ground whole and digested. Larger fish (> 200 g), 
were divided into 5 subsamples and then ground and digested separately 
for recovery of metacercariae; the total number of metacercaria per fish 
was recorded. The recovered FZT metacercariae were separated by species 
and counted (Chi et al., 2008; Phan, Ersboll, Te et al., 2010). The 
metacercariae were identified by morphological methods as described by 
Thu et al. (2007). Statistical analysis was carried out using EPI INFO 6.0 
TABLE 1. Prevalence (%) of different fish-borne zoonotic trematode (FZT) 
species recovered from fish collected from urban wastewater and rural 
farm ponds. 
Urban wastewater Rural farm 
FZT species (500 fish) (500 fish) 
Clonorchis sinensis 0.1 ± 0.04 0.4 ± 0.06 
Haplorchis pumilio 2.5 ± 0.16 9.5 ± 0.29 
Haplorchis taichui 2.0 ± 0.14 8.5 ± 0.28 
Centrocestus formosanus 0.7 ± 0.08 1.1 ± 0.10 
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TABLE II. Prevalence and intensity of fish-borne zoonotic trematode (FZT) metacercariae recovered from fish reared in urban wastewater and rural 
farm ponds. 
Pond type No. fish examined 
Urban wastewater 
Nam Dinh City 250 
Hoa Binh City 250 
Hanoi City 250 
Average 
Rural farm 
Hai Hoa, Nam Dinh 250 
Hop Thinh, Hoa Binh 250 
Hai Boi, Hanoi 250 
Average 
• Intensity is number of FZT metacercariae/fish recovered by whole fish digestion. 
and SPSS (Chicago, Illinois) software. A chi square (X2) test was used at a 
statistical significance level of 0.05. 
In total, 1,500 fish were collected from ponds at the 6 study sites and 
examined for FZT metacercariae. Five species of zoonotic trematodes were 
recovered (Table I). The intestinal flukes Haplorchis pumilio and Haplorchis 
taichui were the most frequent species of zoonotic metacercariae recovered, 
while Centrocestus formosanus and the liver fluke Clonorchis sinensis were 
infrequently encountered (Table I). The metacercariae were identified by 
their chief distinguishing morphological features: C. sinensis, elliptic in 
form, with a measurement of 0.162--0. 173 X 0.143-0.152 mm, with 2 suckers 
nearly equal in size, brownish pigment granules scattered throughout the 
body, and an O-shaped excretory bladder that occupied the greater portion 
of the posterior body; H. pumilio, elliptic in form, with a measurement of 
0.175-0.184 X 0.141-0.164 mm, 36-40 small spines (hooklets) arranged in 2 
rows around a ventro-genital complex, and an O-shaped excretory bladder 
that occupied a large portion of the posterior body; H. taichui, similar to H. 
pumilio, but 0.195-0.232 X 0.162-0.202 mm body measurement, and a 
baseball glove-shaped ventro-genital sac bearing 12-15 spines (hooklets); 
and C. formosanus, an elliptic form measuring 0.152-0.212 X 0.112-
0.124 mm in size, possessing 32 spines around the oral sucker, arranged in 2 
rows, and an X-shaped excretory bladder. 
The examination of fish showed that the overall prevalence of FZT 
metacercariae was 5.1 % for all fish from wastewater ponds, and 17.3% for 
fish from farm ponds (Table II); this difference was significant (P < 0.05-
0.001). The mean intensity of FZT infection was also higher in all fish 
from farm ponds than that in fish from urban wastewater ponds (5.97% 
and 8.38%, respectively) (Table II). In fish from wastewater ponds, FZT 
prevalence ranged from 2.0% in tilapia to 7.3% in common and grass carp; 
in fish from farm ponds, the prevalence ranged from 6.7% in mud carp to 
26.7% in common carp (Table III). 
The FZT prevalence in fish cultured in wastewater and rural ponds of 
northern Vietnam was similar to that reported by Hop et al. (2007). 
Although fish in farm ponds in this study had a higher FZT prevalence, 
Infection intensity* 
FZT prevalence (%) (mean ± SD; 95% CI) 
10.0 6.28 ± 2.79 (5.13-7.43) 
3.2 6.50 ± 3.58 (3.50-9.50) 
2.0 3.60 ± 3.05 (0.19-7.39) 
5.1 ± 0.22 5.97 ± 3.06 (4.97-6.98) 
32.8 8.95 ± 3.89 (8.10-9.81) 
16.0 7.63 ± 2.95 (6.68-8.57) 
3.2 6.38 ± 3.42 (3.52-9.23) 
17.3 ± 0.38 8.38 ± 3.66 (7.75-9.02) 
the level of infection in fish reared in urban wastewater ponds does present 
a significant public health risk for a population with strong cultural 
preferences for raw, or lightly prepared, fish (Chi et aI., 2009). The rapid 
economic development in Asian countries and the increased personal 
incomes have led to an increase in the consumption of raw fish dishes, 
considered a traditional delicacy and healthy type of food. Such dishes, in 
particular in urban areas, are most often consumed at restaurants, whereas 
in rural areas, raw fish dishes are often prepared and consumed by 
household members or at social gatherings (WHO, 1995). In a recent 
restaurant study, Chi et al. (2009) found that grass carp from rural farm 
ponds had the highest prevalence of intestinal FZT compared to the same 
fish species served in Hanoi restaurants. 
The higher transmission of FZT in farm ponds is probably due to the 
greater presence of important risk factors such as the intentional use of 
human and animal waste as pond fertilizer (Phan, Ersboll, Nguyen et aI., 
2010). Other differences between the 2 fish culture systems may also be 
operative but were not evaluated in this survey, including the diversity and 
population levels of snail vectors, the FZT egg contamination levels in 
sources of pond water, and pond management practices that may promote 
snail vegetation habitat. The greater number of non-human reservoir hosts 
in rural farms, e.g., cats, dogs, and fish-eating birds, may also contribute 
to this difference (Anh et aI., 2009). The results of this study further 
emphasizes the great need in Vietnam for strategies to control the safe 
production of fish for the protection of community health, in both the 
rural areas where the bulk of aquaculture in Vietnam is located and also in 
the peri-urban wastewater ponds, which have considerable future 
aquaculture potential. 
The authors gratefully acknowledge funds from the National Founda-
tion for Science & Technology Development (NAFOSTED) in Vietnam 
and the funds from the WHO Regional Office for the Western Pacific/ 
TDR small grants program for operational research on communicable 
diseases awarded to Hanoi Medical University of Vietnam. The 
collaboration of K. D. Murrell was supported by the Danish International 
TABLE III. Overall prevalence of fish-borne zoonotic trematode (FZT) metacercariae in different fish species collected from urban and rural ponds in 
northern Vietnam. 
Fish species examined 
Common carp 
Grass carp 
Silver carp 
Tilapia 
Mud carp 
Overall 
Urban wastewater ponds 
7.3 ± 0.26 (11/150) 
7.3 ± 0.26 (11/150) 
6.0 ± 0.24 (9/150) 
2.0 ± 0.14 (3/150) 
2.7 ± 0.16 (4/150) 
5.1 ± 0.22 (38/750) 
FZT % prevalence (no. infected/no. examined) 
Rural VAC ponds 
26.7 ± 0.44 (401150) 
22.7 ± 0.42 (34/150) 
20.7 ± 0.41 (311150) 
10.0 ± 0.30 (15/150) 
6.7 ± 0.25 (10/150) 
17.3 ± 0.38 (130/750) 
Combined 
17.0 ± 0.38 (51/300) 
15.0 ± 0.36 (45/300) 
13.3 ± 0.34 (40/300) 
6.0 ± 0.24 (18/300) 
4.7 ± 0.21 (14/300) 
11.2 ± 0.32 (16811 ,500) 
Development Assistance (Danida) project titled "Fish-Borne Zoonotic 
Parasite in Vietnam" (FIBOZOPA: http://fibozopa.rial.org). 
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Details of the Paranephridial System of a Species of Prohyptiasmus (Cyclocoelidae: 
Hyptiasminae) From an American Coot, Fulica americana (Rallidae) in Oklahoma 
Norman O. Dronen, F. Agustin Jimenez*, and Scott L. Gardnert, Laboratory of Parasitology, Department of Wildlife and Fisheries Sciences, 
Texas A&M University, 2258 TAMU, College Station, Texas 77843-2258; *Department of Zoology, Southern Illinois University Carbondale, 
Carbondale, Illinois 62901-6501; tHarold W. Manter Laboratory of Parasitology, University of Nebraska State Museum, University of 
Nebraska-Lincoln, Lincoln, Nebraska 68588-0514. e-mail: n-dronen@tamu.edu 
ABSTRACT: During a study of the endohelminths of aquatic birds from 
the central flyway of North America, the details of the paranephridial 
systems of 3 immature specimens of Prohyptiasmus sp, were examined; the 
worms had been collected by the late Dr. J, Teague Self, former Professor, 
Department of Zoology, University of Oklahoma, Norman, Oklahoma 
from an American coot, Fulica americana (Raillidae), from the Cheyenne 
Bottoms, Roger Mills County, Oklahoma and deposited in the Harold W. 
Manter Laboratory of Parasitology. The excretory vesicle was Y-shaped 
and had a reduced stem. There were 3 main excretory canals on each side 
that, in the case of the most lateral 2 pairs, reached anteriorly to the level 
of the oral sucker. The most lateral canals entered the excretory vesicle 
about halfway down the stem on each side; the middle canals entered the 
vesicle at the tips of the branches of the vesicle; and the most medial canals 
entered the vesicle on the anterior edge about halfway between the branch 
point and the tips of the branches, There were numerous smaller 
secondary canals that interconnected with each other and with the 6 
main paranephridial canals, forming a net-like system. 
There have been numerous species of cyclocoelid trematodes described 
and allocated to the various genera in the Cyclocoelidae (Stossich, 1902), 
Even with the best microscopy, the paranephridial (reserve excretory 
system) aspect of the excretory systems of cyclocoelids is very difficult to 
see and, therefore, most descriptions do not provide specific information 
beyond the general shape of the excretory vesicle (V -shaped or Y -shaped 
with a short stem) and the location of the excretory pore (slightly 
subterminal and on the dorsal surface), There are some studies where 
some additional details of the paranephridial system of some cyclocoelids 
have been provided, but these publications usually provide very little 
descriptive information concerning this feature for the cyclocoelids, 
Prudhoe (1944) described Cyclocoelum bivesiculatum (Prudhoe, 1944) 
(placed in Morishitium Witenberg, 1928 by Yamaguti [1958]) from the 
Ceylon great green barbet, Megalaima zeylanica zelanica (Gmelin, 1788) 
(reported as Thereiceryx zeylanicus zeylanicus) from Ceylon. Prudhoe 
(1944) describe and illustrated (see his fig. 3) an excretory vesicle in this 
species that was basically V-shaped, showing what appear to be the canals 
of the paranephridial system, which entered the vesicle anteriorly 
immediately above the branch point of the vesicle on each side. He also 
illustrated the paranephridial canals forming loops in the posterior 
extremity near the excretory vesicle. Fernando (1950) described Cyclocoe-
lum (Pseudhyptiasmus) sinhaladvipa Fernando, 1950 (placed in Morishi-
tium by Yamaguti [1958]) from the Ceylon jungle fowl, Gallus gallus 
Linnaeus, 1758 (syn. Gallus lafayetti) from Ceylon. In this description, he 
states that, "On each side, a small sac-like structure opens into the vesicle 
and into each lateral sac opens the long convoluted excretory duct, which 
runs laterally from the anterior end." In his figure 7, it appears that the 
entrance of the paranephridial canals through these sac-like structures 
occurs below the branch point of the Y-shaped vesicle on the short stem. 
Dollfus (1948) described Hyptiasmus brumpti Dollfus, 1948 from the 
common moorhen, Gallinula chloropus (Linnaeus, 1758) from France, 
where he described and illustrated (see his fig. 163) a high degree of 
anastomosis of the paranephridial system canals that formed a net-like 
system in the posterior end of this species. 
During a collaborative study between the Laboratory of Parasitology, 
Department of Wildlife and Fisheries Sciences, Texas A&M University 
and the Harold W. Manter Laboratory of Parasitology, University of 
Nebraska State Museum, University of Nebraska-Lincoln, we examined 3 
DOl: l0.1645/GE-3094.1 
immature specimens of a cyclocoelid that had been collected by the late Dr. 
J. Teague Self, former Professor, Department of Zoology, University of 
Oklahoma, Norman, Oklahoma from an American Coot, Fulica americana 
Gmelin, 1789 (Raillidae) from the Cheyenne Bottoms, Roger Mills County, 
Oklahoma (35°42'N, 94°42'W; date of collection not given) and deposited 
in the Harold W. Manter Laboratory of Parasitology (HWML 42237). 
Specimens were removed from vials where they had been stored in 70% 
ethanol, stained in Semichon's carmine, and mounted in Canada balsam. 
Figures were created by taking numerous, detailed digital pictures of small 
areas of each of these worms through a compound microscope using a 
Pixera Pro 150ES imaging system (Pixera Corporation, San Jose, 
California) and putting them together to form composite drawings of each 
entire worm. Some small details were added, where necessary, using 
observations made using a compound microscope. Measurements are in 
micrometers (~m) and are given with the mean followed by the range in 
parentheses unless otherwise stated. 
The American coot, Fulica americana, is a very common bird found in 
most aquatic systems throughout the tropical and temperate areas of the 
Americas, including the Hawaiian Islands (Walters, 1980; American 
Ornithologists' Union, 1983). Although the specimens of cyclocoelids we 
examined were immature, the uterus and cirrus sac appeared to be 
completely developed, the vitelline fields were united posteriorly, and the 
genital pore was prepharyngeal, suggesting that this was a species of 
Prohyptiasmus Witenberg, 1923 (Hyptiasminae Dollfus, 1948). 
In these specimens, the body was comparatively small, 3.4 (3.3-3.6) mm 
long by 540 (535-572) wide at the widest point. The oral sucker was 143 
(130-160) long by 190 (180-200) wide; the mouth was slightly subterminal; 
the prepharynx was 63 (50-90) long; the pharynx was well developed, 143 
(140-150) long by 143 (140-160) wide; and the esophagus was about twice as 
long as the prepharynx, 127 (100-160) long. The ceca were simple, uniting 
near the posterior extremity to form a cyclocoel. The acetabulum was absent. 
The genital pore was prepharyngeal, opening immediately posterior to the 
oral sucker. The testes were smooth, spherical to subspherical, tandem, and 
located in the intercecal region in the posterior third of the body. The 
anterior testis was 61 (31-104) long by 59 (28-102) wide; the posterior testis 
was 62 (44-86) long by 62 (41-83) wide. The posttesticular space was 320 
(300-340) long. The cirrus sac was 350-400 long. The ovary was smooth, 
oval, intertesticular, and 74 (54-98) long by 73 (69-104) wide. The vitelline 
follicles were distributed along the ceca from the level of the cecal bifurcation 
to near the posterior extremity and were confluent posteriorly. The uterus 
was extensive, and the uterine loops were largely intercecal with some loops 
beginning to develop extracecally. No eggs were present. The excretory 
system was composed of a Y -shaped vesicle with a reduced stem 
(approaching V-shaped), and there were 3 main paranephridial canals on 
each side that were approximately 13-19 wide, the most lateral 2 pairs 
reaching anteriorly to level of the oral sucker. The lateral canals (Figs. I, 2; 
labeled as I in Fig. 2) enter the excretory vesicle about halfway down the 
stem on each side; the middle canals (labeled as 2 in Fig. 2) enter the vesicle 
at the tips of the branches of the vesicle; and the most medial canals (labeled 
as 3 in Fig. 2) enter the vesicle about halfway between the branch point and 
the tips of the branches on the anterior edge. The excretory pore was slightly 
subterminal, opening on the dorsal surface. As was described by Dollfus 
(1948) in Hyptiasmus brumpti, there were numerous smaller canals that 
interconnected with each other and with the 6 main paranephridial canals, 
forming a net-like system of canals (anastomosis) which appears to be 
reminiscent of some cestodes, e.g., Thysanotaenia congolensis Dronen, 
Simcik, Scharninghauser, and Pitts, 1999 (Anoplocephalidae). 
Although we cannot say definitively that all cyclocoelids have the same 
type of complex paranephridial excretory network, the previous studies of 
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FIGURES 1-2. Excretory system of Prohyptiasmus sp. (1) Details of the 
excretory system of an entire specimen. Scale bars = 690 ~. (2) Details of 
the excretory vesicle and associated excretory canals. Abbreviations: C, 
cecum; 0, ovary; P, primary excretory canal; R, Seminal receptacle; T, 
testis; 1, most lateral excretory canal; 2, middle excretory canal; 3, most 
medial excretory canal. Scale bars = 175. 
Prudhoe (1944) showed that the main paranephridial canals entered the 
vesicle anteriorly immediately above the branch point of the vesicle on 
each side and formed loops (possibly the anastomosis seen in the current 
study). Fernando (1950) described the paranephridial canals entering 
below the branch point of the vesicle on the stem, and Dollfus (1948) 
reported a high degree of anastomosis of the paranephridial canals, 
forming a net-like system in the posterior end of this species, which 
supports the possibility that at least some of the features that we found in 
Prohyptiasmus sp. are present in other species. 
From a general standpoint, there have been a number of studies which 
included details of the paranephridial system of Digenea. For example, 
Pearson (1972) considered the protonephridial system to be a primitive 
feature, occurring more widely and being better developed in the 
anepitheliocystideans than in the epitheliocyctideans. Smith and Halton 
(1983) indicated that there were 2 basic types of paranephridial systems 
that develop in the metacercariae of strigeoids, i.e., a "plexus of ramifying 
canals," as seen in species of Diplostomum von Nordmann, 1832 and 
Codonocephalus Diesing, 1850, or a "series of large interconnected 
lacunae," as seen in species of Cyathocotyle Miihling, 1896 and Cotylurus 
Szidat, 1928. Galaktionov and Dobrovolski (2003) described the parane-
phridial system in the metacercariae of a species of Neodiplostomum 
Railliet, 1919, where they showed that there was a middle canal that 
interred the excretory vesicle about midway between the excretory arms 
that reached anteriorly into the middle third of the body, and 2 lateral 
canals that entered the tips of the arms of the excretory vesicle. 
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Pearson (1986) discussed the possible phylogenetic significance of the 
presence of a paranephridial system in Digenea. He contended that the 
paranephridial system was, in general, present in the more primitive 
families but was usually lost in the more advanced groups, but that there 
were some exceptions among select genera within certain families. In his 
consideration of the phylogenetic diagram of digenean relationships 
proposed by Cable (1974), Pearson identified 17 families (Clinostomidae 
Liihe, 1901; Cyanthocotylidae Poche, 1926; Cyclocoelidae Stossich, 1902; 
Diplostomidae Poirier, 1886; Echinostomatidae Looss, 1899; Fasciolidae 
Railliet, 1895; Labicolidae Blair, 1979; Mesometridae Poche, 1926; 
Microscaphiidae Looss, 1900; Notocotylidae Liihe, 1909; Opisthotrema-
tidae Poche, 1926; Paramphistomidae Fischoeder, 1901; Pronocephalidae 
Looss, 1899; Psilostomidae Looss, 1900; Renicolidae Dollfus, 1939; 
Rhabdiopoeidae Poche, 1926; Strigeidae Railliet, 1919) that have well-
developed paranephridial systems. He defined the paranephridial system as 
" ... a series of outgrowths from the bladder, bladder arms, and primary 
collecting tubules, that may ramify and anastomose, but do not possess 
flame cells," differentiating it from the lymphatic system of paramphis-
tomes, considered by some authors to be separate from the excretory system 
in digeneans (e.g., Chen, 1966). Pearson also pointed out that other authors 
(e.g., Whiley, 1954) considered the lymphatic system to arise from the 
excretory system. Pearson (1986) defined 3 forms of para nephridial systems, 
i.e., those with "few and simple outgrowths," as found in species of 
Cephalogonimus Poirier, 1886, those with "numerous vessels that ramify 
and anastomose throughout the body," as found in species of Clinostomum 
Leidy, 1856, and those where elements of the excretory system "enlarge to 
form vast spaces, veritable body cavities," as found in the strigeids. The 
Prohyptiasmus sp. described herein represents the second form, where 
numerous vessels ramify and anastomose throughout the body. 
We are indebted to the late Dr. Teague Self for collection of these 
materials and to the Harold W. Manter Laboratory, University of 
Nebraska, Lincoln, Nebraska for allowing us access to specimens of 
Prohyptiasmus sp. from the Self Collection. Special thanks to Dr. David r. 
Gibson, the Natural History Museum, London, U.K. for providing us 
with a copy of the Pearson (1986) article. The present study was funded by 
a grant from the Schubot Exotic Bird Research Center, the Texas 
Veterinary Center, Texas A&M University. This study was carried out 
jointly between the Harold W. Manter Laboratory, University of 
Nebraska, Lincoln, Nebraska and the Laboratory of Parasitology, 
Department of Wildlife and Fisheries Sciences, Texas A&M University, 
College Station, Texas through the Big 12 Fellowship Program, which 
provided funds for travel between Lincoln, Nebraska and College Station, 
Texas and the costs of staying in Lincoln. Release time for this study was 
provided for N.D. through the Faculty Development Leave Program, 
Texas A&M University, College Station, Texas. 
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Surface Ultrastructure of the Eggs of Malacopsylla gross;ventr;s and Phth;ropsylla 
agenor;s (Siphonaptera: Malacopsyllidae) 
M. c. Ezquiaga and M. Lareschi, Centro de Estudios Parasitol6gicos y de Vectores (CEPAVE), CONICET-UNLP Calle 2 # 584 (1900) La Plata, 
Argentina. e-mail: ceciiiaezquiaga@yahoo.com.ar 
ABSTRACT: The fleas of the Malacopsyllidae are known only by their 
adults. In this study, we describe the eggs of Malacopsylla grossiventris and 
Phthiropsylla agenoris and compare their surface ultrastructure using 
scanning electron microscopy. Eggs of both flea species are similar in their 
general appearance, i.e., the presence of disks and absence of lateral 
aeropyles, but they differ in size, texture of the surface, and number of 
micropyles and aeropyles, In addition, the eggs of M. grossiventris and P. 
agenoris are larger (719-800 J.Ull) than most of the flea eggs known «600 J.Ull), 
and the length/width ratio is 2.0, while it varies between 1.6 and 1.8 in other 
species, As opposed to other large species, malacopsyllids have expandable 
(telescoping) abdomens that display growth. It is possible that a clutch of eggs 
has more than 2 eggs. Females of M grossiventris were observed fIxed with 
their mouthparts to the skin of their hosts. Indeed, some of these specimens 
were observed copulating on the venter of their hosts. These results contribute 
to the knowledge about the biology of malacopsyllids. 
The morphological features of most adult male and female fleas are well 
documented, whereas their eggs and larval stages are much less well known. 
The immature stages of 2 monotypic genera of the Malacopsyllidae are no 
exception. These taxa, Malacopsylla grossiventris (Weyenbergh, 1879) and 
Phthiropsylla agenoris (Rothschild, 1904), are both endemic to Argentina 
and primarily parasitize armadillos (Xenarthra, Dasypodidae). They have 
also been reported on carnivores (Lycalopex gymnocercus Fischer and 
Cerdocyon thous Linnaeus) and some caviid rodents (Microcavia australis 
Geoffroy and d'Orbigny and Galea musteloides Meyen) (Autino and 
Lareschi, 1998; Lareschi et aI., 2010). The eggs of M. grossiventris and P. 
agenoris have never been described, Their surface ultrastructure is herein 
described for the fIrst time using scanning electron microscopy (SEM). 
Female fleas were collected alive from individuals of the large hairy 
armadillo (Chaetophractus villosus (Desmarest» from Puerto Lobos 
(Chubut Province, 42°00'02"S, 65°4'19"W), and the dwarf armadillo 
(Zaedyus pichiy (Desmarest» captured near Colhue Huapi Lake (Chubut 
Province, 45°11'S, 68°04'30"W), Flea eggs were obtained from individual 
female fleas confIned to small, clean plastic vials, After eggs were 
oviposited, respective female fleas were permanently mounted on 
microscope slides using conventional flea-mounting techniques (Linardi 
and Guimaraes, 2000) and identifIed as M. grossiventris (9 specimens: 
XNTOI2-1/9) and P. agenoris (7 specimens: XNT005-1/7), Voucher female 
fleas were deposited in the collection of the Division de Entomologia, 
Museo de La Plata, La Plata, Argentina (XNTOI2-1 and XNT005-1). Five 
eggs of each species were dehydrated through an ethanol series, critically 
point dried, coated with a gold-palladium in a Jeol® vacuum metallizer, 
and examined using a Jeol® JSV 6063 LV scanning electron microscope 
(SEM) and photographed. Measurements (in J.Ull) were taken using SEM, 
by means of the digital scale given automatically at different magnifIca-
tions. In Table I, measurements are expressed as the mean followed by 
range in parentheses. The terminology used follows Chen and Wang 
(1993) and Linley et al. (1994), 
Posterior and anterior ends of eggs were recognized by the presence of 
micropyles and aeropyles, respectively. Malacopsylla grossiventris eggs 
(Figs. 1-4) were ovoid, pearly white, with the posterior end more flattened 
than the anterior end, twice as long as wide (Fig. 1), and with a very 
porous surface (Fig. 2); micropyles (Fig. 3) and aeropyles (Fig. 4) were 
grouped at each end of the eggs, respectively; a clear zone existed around 
each group. No lateral aeropyle fIelds were observed. Eggs obtained from 
P. agenoris (Figs. 5-8) were also ovoid, pearly white, twice longer than 
wide, with I of the ends more tapered than the other (Fig. 5); the surface 
was reticulated, forming hexagonal cells (Fig. 6); micropyles (Fig. 7), as 
DOl: 1O.1645/GE-3062.1 
well as aeropyles (Fig. 8), were grouped at each end, respectively, 
Measurements of the main diagnostic characteristics of the eggs of the 2 
species are compared in Table I. 
Linley et al. (1994) studied the flea eggs of 7 different species (5 families) 
and reported that their structure was diverse, due to the presence/absence 
of: (I) reticulation on the surface; (2) aeropyles, or micropyles, or both, 
grouped or isolated; and (3) lateral aeropyles. Eggs of M. grossiventris and 
P. agenoris are similar in their general appearance, as well as in the 
presence of aeropyles and micro pyles grouped, and absence of lateral 
aeropyles. However, the egg of P. agenoris differs from that of M. 
grossiventris due to its larger size and the texture of the surface, as well as 
to the smaller number of aero pyles and micro pyles. Eggs of both species 
are larger (> 703) than most of the flea eggs of most known species «600), 
with the exception of Craneopsylla minerva Rothschild, 1903 (714). In 
addition, in malacopsyllid species, the length/width ratio is 2.0, while it 
varies between 1.6 and 1.8 in the other species (Chen and Wang, 1993; 
Linley et aI., 1994). 
Malacopsyllids are large fleas; the engorged females can reach a length 
of 6.5 mm with an abdominal diameter of 3 mm (Smit, 1987), The large-
sized eggs observed for malacopsyllids are in accordance with other large-
sized fleas, such as Sphinctopsylla ares (Rothschild, 1911) and species of 
Hystrichopsylla Taschenberg, 1880 (Chen and Wang, 1993; Linley et aI., 
1994; Krasnov, 2008). Species with very large eggs never have more than 2 
eggs within the oviduct at anyone time (Krasnov, 2008). In contrast to 
these species, malacopsyllids have expandable (telescoping) abdomens that 
display growth (Smit, 1987). So, it is possible that the clutch size in 
numbers of eggs is greater than 2, In addition, Hystrichopsyllidae and S. 
ares differ from malacopsyllids in their more chitinized and structured 
chorionic surface (Krasnov, 2008). Besides, although laciniae are not 
heavily serrated, females of M. grossiventris were fIxed with their 
mouthparts to the skin of their hosts, like ticks, Indeed, some of these 
specimens were observed copulating on the ventral region of their hosts. 
These observations are in accordance with Weyenbergh (1879). The 
present results provide useful information regarding the heretofore poorly 
known biology of these 2 species. 
We thank Daniel Udrizar Sauthier (Centro Nacional Patagonico, 
Argentina) for collecting and providing us the fleas and Patricia Sarmiento 
(Museo de La Plata) for her assistance with SEM photography, The 
authors are members of Consejo Nacional de Investigaciones CientifIcas y 
Tecnicas (CONICET, Argentina). Financial support was provided by 
Universidad Nacional de La Plata (N627; N618) and Agencia Nacional de 
Promocion CientifIca y Tecnologica (PICT2010-338), Finally, we thank 2 
anonymous reviewers for comments on an earlier ve~sion of this 
manuscript, which signifIcantly improved it. 
TABLE I. Comparison of dimension and characteristics of the eggs of 
Malacopsylla grossiventris and Phthiropsylla agenoris. Measurements (in 
micrometers) are given by the mean followed by range in parentheses. 
Characteristics 
Length 
Width 
Number of aeropyles 
Diameter of aeropyles 
Number of micropyles 
Diameter of micro pyles 
Malacopsylla 
grossiventris 
719 (703-740) 
364 (351-374) 
68-88 
1.8 (1.6-2) 
188-212 
1.7 (1.5-2) 
Phthiropsylla agenoris 
804 (773-849) 
393 (384--399) 
40-60 
1.6 (1.4--1.9) 
120-130 
2.2 (1.9-2.7) 
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FIGURES 1-4. Egg of Malacopsylla grossiventris. (1) General. (2) Detail of surface showing porous chorion. (3) Micropyles. (4) Aeropyles. 
FIGURES 5-8. Egg of Phthiropsylla agenoris. (5) General. (6) Detail of surface showing chorion with reticulation. (7) Micropyles. (8) Aeropyles. 
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ABSTRACT: A convenience sampling of fecal specimens from 40 cats 
in northern Florida was examined for the presence of Ancylostoma 
braziliense eggs by using centrifugal sugar flotation and polymerase chain 
reaction (PCR)-restriction fragment length polymorphism (RFLP), Of the 
40 samples, 26 (65%) contained hookworm eggs. DNA from 24 samples 
was successfully amplified using PCR; using RFLP, 10 samples were 
identified as containing DNA of A. braziliense (41.7% of the 24 samples 
that successfully amplified), Of these, 6 samples contained DNA of both 
Ancylostoma tubaeforme and A. braziliense, and 4 samples contained only 
DNA of A. braziliense, The remaining samples (n = 14) contained only the 
DNA of A. tubaeforme, except for I sample that had no discernible bands 
after RFLP. 
As part of a project to obtain a field isolate of Ancylostoma braziliense 
without the need to collect worms from cats at necropsy (Liotta et aI., 
2012), fecal samples from cats in northern Florida (approximately 30oN, 
82°W) were examined in September 2010. Samples containing hookworm 
eggs were examined using polymerase chain reaction (PCR) and restriction 
fragment length polymorphism (RFLP) methods designed by others 
(Gasser et aI., 1996; Clara e Silva et aI., 2006) to differentiate between the 
hookworm species Ancylostoma braziliense and Ancylostoma tubaeforme. 
We also present the associated data on A. braziliense prevalence in this 
area because it has been almost a decade since the last such report. 
Forty feline fecal samples were collected from cages in 4 facilities: I 
facility each in Alachua (17 samples) and Marion (14 samples) counties 
and 2 facilities in Jacksonville County (3 and 6 samples from the first and 
second facilities, respectively). No information regarding age, gender, or 
clinical signs was obtained for the animals. 
The fecal samples were first examined microscopically after processing 
with centrifugal flotation in a 1.3 specific gravity sugar solution (Bowman, 
2009) to determine whether they were positive for hookworm eggs. If 
hookworm eggs were present, the sample was set aside for further study. 
Other parasites observed during the examinationJor hookworm eggs were 
recorded as present or absent in the data log. 
If a sample contained hookworm eggs, they were washed from the 
coverslip into 1.5-ml microfuge tubes. The microfuge tubes were then 
briefly centrifuged to pellet the eggs, and all supernatant, except the last 
100 ~I, was removed and discarded. Approximately 25 mg of 0.5-mm 
Zirconia beads (Biospec Products, Inc., Bartlesville, Oklahoma) was 
added to the tubes, and the pellet was ground for 2 min by using a cordless 
pestle (Kontes Glass Company, Vineland, New Jersey). DNA extraction 
and purification were performed with a QIAamp® DNA Mini kit 
(QIAGEN, Valencia, California), following the manufacturer's instruc-
tions for tissues beginning at step 2a. Extracted DNA was amplified by 
PCR (Gasser et aI., 1996); the PCR program was modified slightly in that 
there was a pre-dwell period of 94 C for 5 min and a post-dwell period of 
72 C for 8 min, with optimized concentrations of reagents in this assay 
being 3 mM MgCI2 and 400 ~M dNTPs. The resulting PCR product 
(approximately 860 base pairs) was subjected to an RFLP protocol for 
Ancylostoma spp. identification by using the Hinfl restriction enzyme 
(Clara e Silva et aI., 2006). 
Of the 40 feline samples collected, 26 (65%) were positive for 
Ancylostoma sp. eggs by brightfield microscopic examination (Table I). 
Only 24 samples were successfully amplified by PCR. One sample (4.2%) 
from which DNA was amplified did not produce discernible bands in the 
RFLP. Of the 23 samples with RFLP results, 13 (56.5%) contained only 
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the DNA of A. tubaeforme, 4 (17.4%) possessed only that of A. braziliense, 
and 6 (26.1 %) contained DNA of both A. tubaeforme and A. braziliense. 
Thus, of the 24 samples successfully amplified, 10 (41.6%) were confirmed 
by RFLP as containing A. braziliense eggs. In addition to Ancylostoma sp. 
eggs, the other parasites present in the feline fecal samples included 
Toxocara cati, Cystoisospora spp., Spirometra mansonoides, Platynosomum 
fastosum, Lynxacarus radovskyi, and Demodex spp. The impression 
formed was that hookworm eggs were the most common parasite 
observed in the fecal samples examined. 
The percentage of cats (65.0%) shedding hookworm eggs in this study 
was similar to the 73.3% of feral cats (22/30) from Alachua County, 
Florida, found infected by necropsy in 1998 (Anderson et aI., 2003). In 
that study, 21 cats (70%) were infected with A. tubaeforme and 8 cats 
(27%) with A. braziliense; only I cat was infected only with A. braziliense. 
Here, 24 samples contained DNA of an Ancylostoma sp.; 19 (79.1 %) had 
A. tubaeforme, and 10 (41.6%) had A. braziliense. Dove (1932) reported 2 
cats from Jacksonville, Florida, were found to have hookworms at 
necropsy, with 1 cat containing only A. tubaeforme and the other cat a 
single specimen of A. braziliense; this same article also reported the 
recovery of A. braziliense from another cat from Florida. In addition, it 
has been reported from Florida that of 26 stray cats, 7 were infected with 
A. braziliense only and 22 were infected with A. tubaeforme or both 
hookworm species (A. W. Donaldson, pers. comm.). The details of the 
latter investigation that were reported at the Annual Meeting of the 
American Veterinary Medical Association in 1950 are included here 
because the original paper source is difficult to obtain (location, number 
of cats examined/number positive for hookworms/number with A. 
braziliense): Jacksonville, 11/10/4; Miami, 2/2/0; Palm Beach, 6/3/1; 
Gainesville, 5/5/0; and Fort Meyers, 2/2/2. 
Other studies have examined the prevalence of A. braziliense in cats in 
other parts of the southeastern United States. Six cats from the Dallas, 
Texas, area were found to harbor a few hookworms identified as A. 
braziliense (Dove, 1932). In San Juan, Puerto Rico, necropsy of 70 cats 
revealed parasites in 60 cats and of these 60, 85% had A. braziliense, 51 % 
had A. tubaeforme, and mixed infections were common (de Leon and 
Kolodziej, 1969). Also, an isolate from a cat in Puerto Rico was 
maintained by passage through cats and used for pharmaceutical testing 
(Roberson et aI., 1992). In a drug efficacy study using cats from the Gulf 
Coast of Alabama (source location as per B. L. Blagburn, pers. comm.), 6 
untreated cats still harbored hookworms at necropsy; 5 of these 6 cats 
were infected only with A. braziliense, with the sixth cat infected only with 
A. tubaeforme (Blagburn et aI., 1987). 
This study was supported, in part, by funds from Merial, Duluth, 
Georgia. We thank Antonia McIntosh at the University of Florida for 
providing laboratory space in which some of the work was performed and 
for assistance in finding sites where fecal samples could be collected. All 
trademarks are the property of their respective owners. 
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TABLE I. Hookworm (Ancylostoma tubaeforme and Ancylostoma braziliense) egg detection in 40 cats from 4 animal facilities in Florida. 
Prevalence No. with both 
No. with Prevalence of of A. A. tubaeforme 
No. hookworm hookworm No. No. with A. Prevalence of A. No. with A. tubaeforme* and A. 
County sampled eggs (%) amplified braziliense braziliense* (%) tubaeforme (%) braziliense 
Alachua 17 12 70.6 12 6 35.3 9 52.9 3 
Marion 14 8t 57.1 7t 4 28.6 5 35.7 3 
Jacksonville 9§ 6t 66.7 5§ O§ 0.0 5§ 55.6 0 
Total 40 26 65.0 24 10 25.0 19 47.5 6 
• Values based on samples with molecularly confirmed identities. Because a few hookworm egg-positive samples did not amplify by PCR, calculated values represent the 
minimum prevalence of the respective hookworm species. 
t One sample each from Marion and Jacksonville counties was positive by microscopy but did not amplify in the PCR. 
t One sample from Marion County was amplified by PCR, but the RFLP band was not visible. 
§ For the 3 cats from I Jacksonville County facility, I cat was positive for hookworm, identified as A. tubaeforme; for the 6 cats from the other Jacksonville County facility, 5 
were positive for hookworm and 4 were identified as A. tubaeforme (I sample did not amplify). 
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ABSTRACT: Isolation of a specific Ancylostoma species typically requires 
death of the source animal, or holding an animal long enough to collect 
feces after treatment, for worm recovery and identification. The reason for 
collecting worms is that the eggs are not easy to distinguish morpholog-
ically. In keeping with the 3 Rs of laboratory animal research (reduction, 
refinement, replacement), the objective of this study was to obtain an 
isolate of Ancylostoma braziliense from I-time field-collected samples of 
canine feces without the need for killing the host. During a collection trip 
to Florida, fecal samples (n = 148) were collected and identified as 
containing eggs of Ancylostoma species (n = 64) using centrifugal sugar 
flotation. Eggs from hookworm-positive slides were washed into tubes, 
DNA was extracted, and 2 samples were identified as A. braziliense using 
restriction fragment length polymorphism (RFLP) with Hinfl. Larval 
cultures were initiated from these samples, and larvae from the cultures 
were returned to New York and used to inoculate a purpose-bred kitten 
with the goal of inhibiting the growth of any contaminating Ancylostoma 
caninum that might be present in the culture. The infection was patent at 
15 days, and eggs were identified as A. braziliense by RFLP and DNA 
sequencing. Using forceps during endoscopy, 2 adult worms (1 male, 1 
female) were recovered from the cat and identified morphologically as A. 
braziliense. Larvae were cultured from the feces of this cat and used to 
infect a laboratory-reared beagle dog. Additionally, worms recovered 
from the feces of the cat post-treatment were confirmed to be A. 
braziliense, except for 1 female A. caninum containing infertile eggs. The 
dog (patent 14 days post-infection) was also infected with A. braziliense as 
determined by RFLP and DNA sequencing of eggs and cultured larvae. 
Both the cat and dog were treated, verified to be no longer shedding eggs, 
and then placed into adoptive homes. 
In the United States, the most common species of Ancylostoma infecting 
companion animals are Ancylostoma caninum in the dog and Ancylostoma 
tubaeforme in the cat. In the southeastern United States, there is also 
Ancylostoma braziliense, which infects both dogs and cats and has long 
been recognized as a major cause of hookworm-associated cutaneous 
larva migrans (Bowman et a!., 2010). The eggs of these species of 
Ancylostoma have been considered by many to be morphologically similar, 
and difficult to separate, on the basis of simple microscopic comparison of 
size and shape (Lucio-Forster et al., 2012). With the development by 
others of molecular methods that would allow the molecular separation of 
the eggs using extracted DNA (Gasser et aI., 1996; Clara e Silva et al., 
2006), work was undertaken to obtain a field isolate of A. braziliense 
without the initial need to obtain adult worms for species identification, 
thus avoiding necropsy or the housing of source dogs to collect adult 
worms after anthelmintic treatment or purging. The overriding objective 
was to obtain a field isolate in a timely manner from I-time field-collected 
samples of canine feces without the need for the killing of any animals, 
thus applying the 3 Rs of laboratory animal research, i.e., reduction, 
refinement, replacement (Russell and Burch, 1959). 
The details of sample collection, the PCR-RFLP methods used to 
identify the DNA as that of A. braziliense, and the prevalence of identified 
A. braziliense eggs in the collected samples have been described elsewhere 
(Liotta et aI., 2012). In brief, of 148 samples from dogs collected in March 
of 2010 in northern Florida (approximately 30oN, 82°W); 64 were positive 
for hookworm eggs using sugar flotation, 42 of the 64 DNA extracts were 
successfully amplified by PCR, and 2 of these 42 samples contained DNA 
identified as A. braziliense by RFLP with Hinfl. 
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While the DNA extraction and PCR-RFLP were being performed, the 
fecal samples were stored at ambient temperature out of concern that 
refrigeration at 4 C might interfere with larval development. Once the 2 
samples had been identified molecularly to contain the eggs of A. 
braziliense, they were mixed together and then split into 2 portions. One 
portion was placed into 2 cultures to harvest third-stage larvae while still 
in Florida, and the other portion was air-shipped to Cornell where 
additional cultures were initiated. For culture, feces were thoroughly 
mixed with wood charcoal (size 10 Humphrey Charcoal Corporation, 
Brookville, Pennsylvania) and 0.1 % aqueous sodium carbonate and 
spread to a depth of about 4 em in a pan. The culture was vented for 24 hr 
at ambient temperature by covering the pan with slit plastic wrap. The 
vented plastic wrap was then replaced with a solid piece of wrap and the 
culture was maintained at 28 C, moistened daily with 0.1 % aqueous 
sodium carbonate, and monitored on a dissecting microscope for presence 
of larvae. The culture methods were the same in both locations. Both 
cultures initiated in Florida contained large numbers of third-stage larvae; 
the cultures initiated at Cornell also produced larvae. 
Third-stage larvae were harvested according to the method of Ash and 
Orihel (1987). Briefly, 8 layers of moistened cheesecloth were placed onto 
the culture's surface and pressed down gently with forceps to ensure 
contact. The plastic wrap was replaced and an incandescent lamp was 
placed over the culture for warmth and light to encourage the migration of 
larvae to the surface. After 1 hr, the top 7 layers of cheesecloth were 
transferred to a Baermann apparatus containing warm water. After 2-4 hr, 
30 ml of water were collected from the Baermann apparatus and the 
obtained larvae were concentrated by centrifugation at 1,300 g for 2 min. 
Harvested larvae were microscopically examined to confirm the morpho-
logic features of infective-stage hookworm larvae and maintained at room 
temperature, in the dark, in 25-cm2 vented flasks with 15 ml distilled water 
until used. DNA was extracted from these larvae and was identified as A. 
braziliense by RFLP. 
Animals used to host the parasites were purpose-bred laboratory 
animals from suppliers routinely supplying research animals to Cornell's 
Laboratory Animal Services' (LAS) AALAC-accredited facilities with the 
direction of the Center for Animal Resources and Education (CARE). The 
work was performed under all necessary IACUC protocol provisions with 
the routine maintenance and veterinary oversight of the animals being 
performed by LAS and CARE staff. All animals received routine 
vaccinations. 
For infecting final hosts, third-stage larvae were administered orally or 
subcutaneously. Prior to subcutaneous inoculation, to minimize potential 
infection of the cat or dog with bacterial or viral contaminants of the 
larvae in culture the larvae were washed in 0.3% sodium hypochlorite for 
1 min, centrifuged for 1 min to concentrate the larvae, and washed 4 times 
with sterile phosphate buffered saline (PBS), 0.02 M, pH 7.4. When 
administered orally, the larvae were washed in sterile PBS without first 
treating them with bleach. Initially, the larvae from culture were used to 
infect a 10-wk-old domestic shorthair cat. A fecal sample collected 8 days 
before larval inoculation showed that the cat was negative for hookworm 
eggs. The kitten was inoculated subcutaneously in the scruff of the neck 
with 250 third-stage larvae (Day 0); the next day, the kitten was orally 
inoculated with 200 third-stage larvae (Day 1). 
Sugar centrifugal flotation of a weighed fecal sample from the kitten 
revealed hookworm eggs (740 eggs per gram [EPG]) 15 days after 
subcutaneous inoculation. Additional fecal egg counts were done on the 
following days post-infection (PI): 17, 18, 19,21,23,28,33,40, and 44; the 
EPG for the respective days were: 540, 2,820, 3,416, 6,565, 2,685, 8,435, 
10,050, 6,055, and 8,050. A larval culture from the kitten was initiated on 
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FIGURE I. Anterior ends showing the distinctive buccal capsule of 
Ancylostoma braziliense on the 2 worms recovered from the cat by 
endoscopy: (A) male and (B) female. Bar = 20 11m. Images were taken 
using a dissecting microscope with transmitted light. 
Day 21. On Day 23, the DNA from the eggs in the feces of the kitten was 
identified as being that of A. braziliense by RFLP. DNA sequencing was 
also performed by the Cornell University Life Sciences Core Laboratories 
Center (Ithaca, New York) using an Applied Biosystems Automated 3730 
DNA Analyzer (Carlsbad, California). The resulting sequence was 
analyzed using the Basic Local Alignment Search Tool (BLAS'f®) 
(National Center for Biotechnology Information, Bethesda, Maryland), 
verifying that it belonged to A. braziliense, with an 88% coverage and 99% 
identity match to accession number DQ438062 in the NCBI Blast 
database. 
In order to verify morphologically that the worms in the cat were A. 
braziliense before infection of a dog, on Day 43 PI, endoscopy of the cat 
under general inhalant anesthesia allowed for the capture of 2 adult 
hookworms with endoscopic forceps. The retrieved worms, I male and I 
female, were placed in PBS and morphologically identified (Levine, 1980) 
as A. braziliense (Fig. I) . The two specimens were deposited into the 
U.S. National Parasite Collection, Beltsville, Maryland (accession 
number 105369). The cat was treated orally with ivermectin (Heartgard®; 
Merial Ltd. , Duluth, Georgia) at the label dose I day post-endoscopy. 
Feces collected for the following 4 days were passed through a no. 40 sieve 
and 58 adult A. braziliense worms (32 male, 26 female) were retrieved. In 
addition, I larger female worm was found that had apparently infertile 
eggs in the uterus; this worm was determined by morphological 
characteristics to be an adult Ancylostoma caninum (Fig. 2). After 2 fecal 
examinations to verify that the cat was no longer shedding eggs, it was 
placed into an adoptive home. 
All subsequent passages were in 12-wk-old beagle dogs that had 
hookworm-negative fecal samples 3 days before inoculation. Infections 
were monitored by routine centrifugal fecal flotation in 1.3 sp. gr. sugar 
and microscopic examination. The first inoculated dog was patent at 
14 days PI, shedding 624 EPG. Additional fecal egg counts were done on 
the following days PI: 15, 21, 28, 35,42, 49, 56, 70, 77, 84, 98, 105, 112, 
122, 126, 140, and 147; the EPG for the respective days were: 2,384, 9,330, 
8,184,4,752, 7, 150, 8,200, 9,460, 3,090, 2,990, 8,093, 1,860, 2,507, 1,140, 
1,247, 600, 660, and 395. Again, both the eggs and larvae harvested were 
molecularly identified by RFLP and sequencing as A. braziliense, with an 
88% coverage and 99% identity match to accession number DQ438062 in 
the NCBI Blast database. On Day 151,2 adult hookworms (I male and I 
female) were retrieved endoscopically and morphologically identified as A. 
braziliense. The dog was treated with ivermectin and pyrantel (Heartgard® 
Plus; Merial Ltd.) at the label dose a few hours after endoscopy. After 2 
fecal examinations to verify the dog was no longer shedding eggs post-
treatment, it was placed with its new owners. 
The objective of this work was to generate an isolate of A. braziliense in 
a timely fashion without the need to perform more than I fecal collection 
from each source dog and without requiring the killing of either the source 
dogs or the experimentally infected animals to verify that the infections 
were those of A. braziliense. Utilizing the previously described molecular 
methods (Gasser et a!., 1996; Clara e Silva et a!., 2006) that had been 
optimized for use with eggs collected by sugar flotation (Liotta et a!., 
2012), A. braziliense eggs were identified in the feces of2 dogs within 2 days 
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FIGURE 2. Images of the infertile Ancylostoma caninum collected from 
the feces of the cat after treatment. (A) Buccal capsule of the female worm. 
Bar = 20 11m. (B) Tai l with typical appearance of that of A. caninum. Bar 
= 100 11m; Inset: higher magnification showing the tip of the female tail 
with more clarity. Bar = 10 11m. Images were taken using a compound 
microscope with transmitted brightfield illumination. 
of their collection in the field. This reduced the number of hookworm-
positive fecal samples that had to be cultured from 64 down to 2. The cat 
was utilized to inhibit the development of any few contaminating A. 
caninum larvae that might have been present in the larval culture (Miller, 
1966), and the post-treatment recovery of an infertile A. caninum from the 
cat verified that this was a useful step in the process. The eggs in the feces 
of the cat were identified as A. braziliense by molecular methods, and adult 
worms collected by both endoscopy and fecal sieving were also 
morphologically identified for additional specific verification. The 
advantage to the use of endoscopy was that the worms could be removed 
from the cat for identification without the anthelmintic abbreviation of the 
infection for worm recovery. The larvae have since been passaged into a 
number of dogs. Overall, the objectives of the study were fully met. The 
worms were identified, cultured, verified as to species, and utilized to 
initiate a new laboratory strain of canine-source A. braziliense. 
Eggs were recovered from the feces of the cat 15 days PI and from the 
dog 14 days PI. It has been reported in puppies orally infected with A. 
braziliense that the third-stage larvae initially invade the intestinal mucosa, 
where they develop to the fourth stage and then appear in the intestinal 
lumen after the second day of infection (Yoshida et a!., 1974). The fourth-
stage larvae shed their sheaths and become young adults beginning on the 
sixth day PI. The eggs are first found in the feces 14 days PI. Following 
percutaneous inoculation, the larvae undergo a transient pulmonary 
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migration and then are found in the intestinal wall in fairly large numbers 
from days 2 through 4 PI. The fourth-stage larvae are first found on or 
after the third day of infection. The molt to young adult begins on the 
seventh day PI and, again, eggs are found in the feces 14 days PI. In other 
work, it was found that the prepatent period in dogs ranged between 13 
and 25 days following oral inoculation of 9 dogs and from 13 to 18 days 
following percutaneous infection in 5 dogs (Dove, 1932). The prepatent 
period in the cat was 15 days, which is consistent with earlier observations 
wherein experimental infection of 14 cats revealed a mean prepatent 
period of 17 days with a range of 15 to 24 days (Nolan et aI., 1992). 
Vomiting appears to happen fairly commonly in dogs inoculated orally 
with A. braziliense. However, the observed vomiting appears to have no 
significant effect on the ultimate development of the worms in the 
inoculated animal. The infections continue on to patency. 
Nolan et al. (1992) reported that they could readily distinguish the eggs 
of A. braziliense from those of A. tubaeforme in feces by the size of the 
eggs: A. braziliense eggs were significantly smaller, being on average 53.0 
X 35.2 !lm, while those of A. tubaeforme averaged 64.4 x 41.0 !lm. Our 
work produced measurements that were in excellent agreement with those 
made by Nolan et al. (1992): the eggs of our isolates of A. braziliense from 
both dogs and cats were 53.0 x 36.4 !lm, those of A. caninum were 63.9 X 
39.2 !lm, and those of A. tubaeforme were 61.4 X 39.2 !lm (Lucio-Forster 
et aI., 2012). Perhaps in future work, the molecular method for egg 
differentiation could be replaced with a more careful examination of eggs 
during fecal flotations. However, the molecular method used did allow the 
identification of eggs that were grown to infective-stage larvae and 
produced A. braziliense adults in experimentally infected cats and dogs. 
The objective of the project to obtain an isolate of A. braziliense without 
the necropsy of any animals was brought to fruition; but, perhaps next 
time, simple microscopy could replace the molecular methodology. 
This work was supported, in part, by funds from Novartis Animal 
Health, Greensboro, North Carolina. The authors would like to thank Dr. 
Kenneth W. Simpson, Cornell University for his assistance in endoscopic 
worm retrieval. All trademarks are the property of their respective owners. 
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ABSTRACT: Because the eggs of Ancylostoma species of dogs and cats are 
difficult to readily distinguish morphologically, isolation of a certain 
species often requires the humane death of the source animal or holding an 
animal after treatment to obtain worms for specific identification or to 
harvest ex utero eggs. The objective of this study was to obtain an isolate 
of Ancylostoma braziliense from I-time, field-collected samples of feline 
feces without the need for the killing of any animals. During a collection 
trip to Florida, fecal samples (n = 40) were collected and identified as 
containing A. braziliense eggs (n = 26) using centrifugal sugar flotation. 
Eggs from hookworm-positive slides were washed into tubes, DNA was 
extracted, and 10 samples were identified as containing A. braziliense using 
restriction fragment length polymorphism (RFLP) with Hinfl. Six of these 
samples also contained DNA of Ancylostoma tubaeforme and, thus, only 4 
samples were from cats infected only with A. braziliense. Larvae cultured 
from two of the latter samples were used to subcutaneously inoculate a 
purpose-bred puppy with the intention to inhibit the growth of any 
potentially contaminating A. tubaeforme larvae in the culture. The 
infection was patent at 14 days after inoculation, and the eggs were 
identified as A. braziliense by RFLP and DNA sequencing. Larvae were 
cultured from the feces of this dog and used to infect a laboratory-reared, 
specific-pathogen-free cat; the eggs and larvae produced by the cat were 
also identified molecularly as those of A. braziliense. The larvae from this 
cat were used to infect other cats to maintain the isolate for further 
research. Both the puppy and the first cat used in this study were treated to 
clear their infections and have since been adopted by new owners. 
In the United States, the most common species of Ancylostoma infecting 
companion animals are Ancylostoma tubaeforme in the cat and Ancylos-
toma caninum in the dog. In the southeastern United States, Ancylostoma 
braziliense also infects both cats and dogs and is recognized as a major 
cause of hookworm-associated cutaneous larva migrans (Bowman et aI., 
2010). Many have considered the eggs of these species of Ancylostoma to 
be morphologically similar and, thus, difficult to separate on the basis of 
simple microscopic comparisons of size and shape (Lucio-Forster et aI., 
2012). Using molecular methods developed by others (Gasser et aI., 1996; 
Clara e Silva et aI., 2006), which allow differentiation of the eggs using 
extracted DNA, it was possible to obtain a field isolate of A.braziliense 
without the initial need to obtain adult worms for species identification. 
This abrogated the need for animal necropsy for adult worm collection or 
for the housing of source cats for several days to collect adult worms after 
anthelmintic treatment or purging. The overall objective was to obtain the 
A. braziliense isolate from I-time, field-collected samples of feline feces. 
Feline fecal samples were collected in September of 20 lOin northern 
Florida (approximately 30oN, 82°W). The details of samples collection, 
the PCR-RFLP methods used to identify the DNA as that of A. 
braziliense, and the prevalence of identified eggs in the collected samples 
have been described elsewhere (Liotta et aI., 2012). In brief, of 40 fecal 
samples collected, 26 were positive for hookworm eggs using sugar 
flotation. DNA from 24 samples was successfully amplified with PCR and, 
using RFLP with Hinfl, 10 were identified as A. braziliense (41. 7% of the 
24 amplified samples). Six of these samples contained DNA of both A. 
tubaeforme and A. braziliense and 4 contained DNA of only A. braziliense. 
The 4 samples containing only A. braziliense were divided into pairs, 
with each pair making up I charcoal coproculture. All cultures were 
initiated in Florida and driven to New York, where they successfully 
produced third-stage larvae. Larval harvesting was performed according 
to the method of Ash and Orihel (1987). Larvae were confirmed to be A. 
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braziliense by DNA extraction and PCR-RFLP as previously described 
(Liotta et aI., 2012). 
Animals used to host the parasites at Cornell University were procured 
from a USDA-certified class A vendor. Animals were housed in an AALAC-
accredited animal facility under a university-approved IACUC protocol. 
A 12-wk-old beagle dog was subcutaneously inoculated with 500 larvae 
that had been exposed to 0.3% sodium hypochlorite for I min and then 
washed several times with sterile phosphate buffered saline. The dog became 
patent 14 days post-infection (PI), shedding 225 eggs per gram (EPG) of 
feces. Additional fecal egg counts were done on the following days PI: 17, 
19, 21, 24, 26, 28, 31, 33, 35, 38, 45, 52, 59, and 66; the EPG for the 
respective days were: 1,440, 1,823, 1,615,2,603,5,136,2,400,1,580,4,120, 
2,860,2,715,2,660,2,760,2,300, and 3088. Feces from the infected dog were 
collected 26 days PI, cultured, and larvae recovered from the 8-day-old 
culture were later used to subcutaneously inoculate a 12-wk-old cat. The 
dog was treated with ivermectin and pyrantel pamoate (Heartgard® Plus; 
Merial Ltd., Duluth, Georgia) 73 days PI, and fecal samples collected at 80 
and 82 days PI (7 and 9 days post-treatment) did not contain any eggs. The 
dog was then placed in an adoptive home. 
The cat was inoculated with 500 A. braziliense larvae subcutaneously and 
it became patent 15 days later (77 EPG). Additional fecal samples were 
collected on the following days PI: 17, 19,22,24,26,29,33,36,38,43,45, 
50,52, and 54; the EPG for the respective days were: 64, 974, 1,400,2,324, 
1,952,1,128,776,1,232,1,348,4,272,240,916,1,992, and 1,730. On day 59 
PI, the cat was treated with ivermectin (Heartgard®; Merial Ltd.), and fecal 
specimens collected at 64 and 65 days PI (5 and 6 days post-treatment) did 
not contain any eggs; the cat was then placed in an adoptive home. 
DNA sequencing of this isolate was performed by the Cornell 
University Life Sciences Core Laboratories Center (Ithaca, New York) 
using an Applied Biosystems Automated 3730 DNA Analyzer. The 
resulting sequences were analyzed using the Basic Local Alignment Search 
Tool (BLAST®) (National Center for Biotechnology Information, 
Bethesda, Maryland). Larvae cultured from the dog and cat were both 
verified to be A. braziliense, with 88% coverage and 98% identity match to 
accession number DQ438062 in the NCB! Blast database. 
For maintenance of the isolate, cultures were initiated from the cat's 
feces 19 days PI and larvae were harvested from the culture 7 days later, 
placed into flasks, and express-shipped to a commercial contract research 
organization (Cheri-Hill Kennel & Supply, Inc., Stanwood, Michigan) 
6 days after collection. Because the shipment occurred in mid-December, 1 
set of flasks was shipped in a container with heat packs (HotHands® 2 
HandWarmers, Heatmax, Inc., Dalton, Georgia) as a precaution and I set 
was shipped without; both arrived containing viable larvae. In Michigan, 
the isolate has been maintained in cats in accordance with USDA 
guidelines under an approved IACUC protocol as per the Animal Welfare 
Act. Cats have been infected orally with 500 larvae and they have 
maintained long-term infections. 
The objective of this work was to generate an isolate of A. braziliense in 
a timely fashion without the need to perform more than I fecal collection 
per source cat or to kill any animals to verify that the infections were those 
of A. braziliense. Utilizing the previously described molecular methods 
(Gasser et aI., 1996; Clara e Silva et aI., 2006), optimized for use with eggs 
collected by sugar flotation, A. braziliense eggs were identified in the feces 
of 10 cats within 2 days of collection in the field. This procedure allowed a 
reduction in the number of hookworm-positive fecal samples requiring 
culture from 40 down to the 4 containing only A. braziliense DNA. A dog 
was utilized to abrogate the development of any potentially contaminating 
A. tubaeforme larvae, as this parasite has been shown not to grow in dogs 
(Rhode, 1959). Overall, the objectives were fully met using eggs; 
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identification in the field allowed the capture of a new feline-source isolate 
of A, braziliense, 
Eggs were recovered from the feces of the cat and dog 15 and 14 days, 
respectively, after subcutaneous inoculation. It has been reported that in 
puppies orally infected with A, braziliense, the third-stage larvae initially 
invaded the intestinal mucosa where they developed t9 the fourth stage 
and then appeared in the intestinal lumen after the second day of infection 
(Yoshida et a!., 1974). The fourth-stage larvae shed their sheaths and 
became young adults on the sixth day after oral inoculation, with eggs 
being found for the first time in the feces on the 14th day after infection. 
Following percutaneous inoculation, larvae underwent a transient 
pulmonary migration and were subsequently found in the intestinal wall, 
in fairly large numbers, from days 2 through 4 after infection, Fourth-
stage larvae were first found on, or after, the third day of infection, The 
molt to the young adult stage occurred beginning on the seventh day of 
infection and, again, eggs were found in the feces 14 days PI. In other 
work, it was found that the prepatent period in dogs ranged from 13 to 
25 days following oral inoculation of 9 dogs and from 13 to 18 days 
following percutaneous infection in 5 dogs (Dove, 1932), The prepatent 
period in the cat was 15 days, which is consistent with earlier observations 
on 14 experimentally infected cats whose mean prepatent period was 
17 days with a range of 15 to 24 days (Nolan et a!., 1992). 
Nolan et a!. (1992) reported that they could readily distinguish the eggs of 
A, braziliense from those of A. tubaeforme in feces by size alone. The eggs of 
A, braziliense were significantly smaller, being on average 53.0 X 35.2 ~m, 
while those of A. tubaeforme averaged 64.4 X 41.0 ~m. Our work on the 
isolates has shown sizes similar to those described by these authors, with A, 
braziliense eggs being smaller (Lucio-Forster et a!., 2012). Thus, it might be 
that the use of the molecular method for egg differentiation could be 
replaced with a less costly, quicker, and more careful examination of eggs 
during fecal flotations, However, the molecular method did allow for rapid 
screening of samples and recovery of eggs that were successfully grown to 
infective-stage larvae and which were proven to be A, braziliense upon 
infection of cats and a dog. Considering that the project was successful with 
only a few days of sampling, processing, and culturing, simple microscopy 
may be a feasible alternative to current strain isolation practices. 
The present study was supported, in part, by funds from Merial Ltd., 
Duluth, Georgia. Heartgard® is a registered trademark of Merial Ltd. All 
other trademarks are the property of their respective owners. 
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ABSTRACT: A convenience collection of fecal samples from 148 dogs in 
northern Florida was examined for the presence of Ancylostoma 
braziliense eggs by using centrifugal sugar flotation and polymerase chain 
reaction (PCR)-restriction fragment length polymorphism (RFLP), Of the 
148 samples, 64 (43.2%) contained hookworm eggs. DNA from 42 
samples was successfully amplified using PCR; using RFLP, 2 samples 
were identified as containing DNA of A. braziliense (4.8% of the 42 
successfully amplified samples). 
As part of a project to obtain a canine field isolate of Ancylostoma 
braziliense without the need of necropsy (Liotta et aI., 2012), we used a 
combination of polymerase chain reaction (PCR) and restriction fragment 
length polymorphism (RFLP) methods designed by others (Gasser et aI., 
1996; Clara e Silva et aI., 2006) to distinguish the eggs of Ancylostoma 
caninum from A. braziliense. Using fecal flotation and these molecular 
methods, we conducted a convenience sampling of feces from dogs in 
northern Florida (approximately 30oN, 82°W). We also present the 
associated data on A. braziliense prevalence in dogs in this area because it 
has been 2 decades since the last such report. 
In March 2010, 148 canine fecal samples were collected from a county 
animal facility, a humane society, and a dog park in Alachua County and 
from an animal facility in Marion County. The number of samples per site 
was lIS for Alachua County (facility, 50; humane society, II; dog park, 
54) and 33 for Marion County. No information regarding age, gender, or 
clinical signs was obtained for the animals. 
The collected fecal samples were processed using centrifugal flotation 
with a 1.3 specific gravity sugar solution (Bowman, 2009). The samples 
were examined with a light microscope using X 100 and x400 magnifi-
cations for the presence of hookworm eggs; although eggs of other 
helminths and cysts of protozoa were seen, there was no attempt to 
carefully examine and record each parasite for each sample. 
For DNA extraction, the coverslip contents of any sample containing 
hookworm eggs were washed into 1.5-ml microfuge tubes. The microfuge 
tubes were briefly centrifuged to pellet the eggs, and all supernatant except 
the last 100 ~I was discarded. Approximately 25 mg of 0.5-mm Zirconia 
beads (Biospec Products, Inc., Bartlesville, Oklahoma) was added to the 
tubes, and the pellet was ground for 2 min by using a cordless pestle 
(Kontes Glass Company, Vineland, New Jersey). DNA was extracted and 
purified with a QIAamp® DNA mini kit (QIAGEN, Valencia, California) 
following the manufacturer's instructions for tissues beginning at step 2a. 
Extracted DNA was amplified by PCR (Gasser et aI., 1996); the PCR 
program was modified slightly in that there was a pre-dwell at 94 C for 
5 min and a post-dwell of 72 C for 8 min, with the optimized reagents in 
this assay being 3 mM MgCI2 and 400 ~M dNTPs. The resulting PCR 
product (approximately 860 base pairs) was subjected to an RFLP 
protocol for Ancylostoma spp. identification by using the Hinfl restriction 
enzyme (Clara e Silva et aI., 2006). 
Of 148 canine samples collected, 64 (43.2%) were positive for 
Ancylostoma eggs by flotation (Table I). Of the 64 hookworm-positive 
samples, only 42 successfully amplified by PCR. Of the 42 amplified 
products, only 2 (4.8%) were identified by RFLP as containing A. 
braziliense eggs. The RFLP results did not suggest that any of the dogs 
were infected with both A. caninum and A. braziliense. The low prevalence 
of A. braziliense in dogs in this study suggests that in this area of Florida, 
this species of Ancylostoma is less common than A. caninum. There have 
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been very few studies that specifically address the prevalence of A. 
braziliense in dogs in the United States. In Jacksonville, Florida, it was 
reported in 1926 that 26 of 27 dogs harbored infections with A. braziliense 
(reported in Dove, 1932). The results of a necropsy survey of 495 dogs in 
Florida were reported at the Annual Meeting of the American Veterinary 
Medical Association in 1950 (A. W. Donaldson, pers. comm.). Of the 495 
dogs in Donaldson et al.'s study, 426 had A. caninum or A. braziliense, and 
219 of these dogs were infected with A. braziliense (44.2% of the 426 dogs). 
Some details of this work are presented here because these A VMA 
Proceedings are difficult to obtain (location, number of dogs examined! 
number positive for hookworms/number with A. braziliense): Jacksonville, 
161/155/68; Miami, 94174/60; Tampa, 87/68/40; Tallahassee, 65/56/2; Fort 
Lauderdale, 21116/11; Ocala, 19/19/9; Palm Beach, 19117/8; St. Petersburg, 
17110/8; St. Augustine, 5/5/4; Gainesville, 3/3/1; Fort Meyers, 2/2/0; 
Melbourne, 111/0; and Key West, 110/0. More recently, an examination of 
dogs at necropsy as part of an efficacy trial with random-source dogs at the 
University of Florida, Gainesville, Florida, revealed that an undetermined 
number of the 10 control dogs harbored a mean of 16 A. braziliense and a 
mean of 215 A. caninum at necropsy (Greiner et aI., 1992). 
The only other state from which A. braziliense has been reported in dogs 
is Texas. The necropsy of2 dogs in Dallas, Texas, revealed large numbers of 
A. caninum and a few A. braziliense; another 38 dogs examined in Dallas 
revealed 12 dogs with A. braziliense (with 71 adult worms in total) and 25 
dogs with A. caninum (874 adult worms in total) (Dove, 1932). Costa et al. 
(1971) reported that A. braziliense was in 4.5% of 44 stray dogs from Brazos 
County, Texas. A large number of A. braziliense were found attached to the 
cecum and colon of a dog from the Gulf Coast of Texas (Turk et aI., 1956). 
The prevalence of A. braziliense may have appeared lower by using this 
molecular method than if the dogs had been examined by necropsy. If only 
a very few A. braziliense eggs were present on a given slide, their DNA 
might not have amplified, especially if there was a large number of A. 
caninum eggs concurrently present. Also, because the goal of this work was 
to obtain an isolate of A. braziliense from dogs without the need to 
perform necropsy examinations, fecal samples in which hookworm eggs 
were not observed were not subjected to the PCR analysis. 
This work was supported, in part, by funds from Novartis Animal 
Health, Greensboro, North Carolina. We thank Dr. Ellis Greiner and 
Antonia McIntosh at the University of Florida for assistance in finding 
sites where fecal samples could be collected and for providing space in the 
laboratory where part of the work was performed. All trademarks are the 
property of their respective owners. 
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TABLE 1. Hookworm (Ancylostoma caninum and Ancylostoma braziliense) egg detection in 148 dogs from 2 county animal facilities, a humane society, 
and a dog park in Florida. 
No. with Prevalence of No. Prevalence of A. No. with A. Prevalence of A. 
County No. sampled hookworm eggs hookworm (%) amplified 
No. with A. 
braziliense brazilienset (%) caninum caninumt (%) 
Alachua 115 38 33.0 26* 0.9 25 21.7 
Marion 33 26 78.8 16* 3.0 15 45.5 
Total 148 64 43.2 42 2 1.4 40 27.0 
* There were 22 samples, 12 from Alachua County and 10 from Marion County, that were positive microscopically, but they failed to amplify in PCR. For Alachua County, 
of the 38 positive samples, 28 (73.6%) were from the 50 samples collected at the county facility, 8 (21.1 %) were from the 54 dog park samples, and 2 (5.3%) were from the 11 
humane society samples. 
t Values based on samples with molecularly confirmed identities. Because several hookworm egg-positive samples did not amplify by PCR, calculated values represent the 
minimum prevalence of the respective hookworm species. 
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Morphological Differentiation of Eggs of Ancylostoma caninum, Ancylostoma tubaeforme, 
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ABSTRACT: The establishment of cat- and dog-derived laboratory strains 
of Ancylostoma braziliense allowed for a morphological comparison of the 
eggs of A, braziliense, Ancylostoma caninum, and Ancylostoma tubaeforme, 
The length, width, and perimeter were determined for images of 10 eggs 
each of A. braziliense from the feces of a dog infected with a canine isolate 
and a cat infected with a feline isolate, A. caninum from dog feces, and A, 
tubaeforme from cat feces, The specific identity of the eggs was verified by 
polymerase chain reaction and restriction fragment length polymorphism 
by using Hinf1 and RsaI restriction digests followed by gel electrophoresis 
and sequencing, The mean (±SD) length, width, and perimeter and the 
length-to-width ratio (±SD) (all measurements are in micrometers) for the 
eggs of each species were as follows: A. braziliense eggs (combined cat and 
dog source), 53,03 ± 2,33, 36.37 ± 1.35, 140.43 ± 2,56, and 1.46 ± 0.11; 
A. caninum eggs, 63,92 ± 5,28, 39.21 ± 1.52, 161.99 ± 9.30, and 1.63 ± 
0.13; and A. tubaeforme eggs, 61.44 ± 3.05,39.14 ± 1.40, 157.98 ± 5.81, 
and 1.57 ± 0.08. The eggs of A. braziliense were significantly (P < 0.001) 
smaller than the eggs of A. caninum and A. tubaeforme in all dimensions. 
Thus, the eggs seem to be readily distinguishable using light microscopy, 
thereby aiding in species identification in fecal samples for a more 
comprehensive clinical picture and assessment of zoonotic risk. 
In the United States, there are 4 species of hookworms in cats and dogs: 
Ancylostoma braziliense, Ancylostoma caninum, Ancylostoma tubaeforme, 
and Uncinaria stenocephala. These parasites differ in the severity of disease 
they cause to their hosts and in their roles as agents of zoonotic disease, 
being known particularly as causes of cutaneous larva migrans (Bowman 
et aI., 2010). The eggs of U stenocephala are markedly larger than those of 
A. caninum and A. tubaeforme and can fairly readily be identified in canine 
fecal samples and probably in feline fecal samples, although they have not 
been found in a feline fecal sample by us. Ancylostoma braziliense is a 
parasite of the southeastern United States (Bowman et aI., 2010), and 
most surveys for prevalence have been based on necropsy results. 
Recently, we examined hookworm DNA from many fecal samples by 
using molecular methods, and we described the relative prevalence of A. 
caninum, A. tubaeforme, and A. braziliense in these samples from Florida 
(Liotta, Koompapong et aI., 2012; Liotta, Youn et aI., 2012). A review of 
the published literature did not turn up any surveys for these differing 
parasites based solely on egg morphology. Thus, having successfully 
infected a dog and a cat with canine- and feline-source A. braziliense 
isolates from Florida, respectively (Liotta, Lee, Aksel et aI., 2012; Liotta, 
Lee, Koompapong et aI., 2012), the goal of the present work was to 
compare the sizes of the eggs in the feces of these animals to those known 
to represent A. caninum and A. tubaeforme to establish whether egg 
morphology could be a viable method for identification of eggs in fecal 
specimens to the species level. Such determinations could help provide a 
more complete clinical picture for the infected animal and aid in 
assessment of potential risks to public health. This study also might allow 
for surveys of prevalence based solely on egg size and the isolation of eggs 
for culture in the field without the need for molecular identification as 
described by Liotta, Lee, Aksel et aI. (2012) and Liotta, Lee, Koompapong 
et aI. (2012). 
Fecal samples containing Ancylostoma spp. eggs were collected from 4 
source animals. The canine feces containing A. braziliense eggs were from 
a dog housed at Cornell University (Ithaca, New York), that was infected 
with larvae from a canine isolate from Florida (Liotta, Lee, Aksel et aI., 
2012; Liotta, Youn et aI., 2012). The other 3 samples were provided by 
Cheri-Hill Kennel & Supply, Inc. (Stanwood, Michigan) and included eggs 
of A. tubaeforme from a naturally infected cat, eggs of A. caninum from a 
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naturally infected dog, and eggs of A. braziliense from a cat inoculated 
with an isolate from Florida (Liotta, Lee, Koompapong et aI., 2012). 
For the measurements, eggs were recovered from the fecal samples by 
using routine centrifugal sugar flotation (Bowman, 2009). Eggs measured 
(10 per animal) were A. braziliense sourced from a cat, A. braziliense 
sourced from a dog, A. caninum, and A. tubaeforme. The first 10 eggs on a 
slide that were found to be lying flatly were photographed using a SPOT 
Idea ™ camera (Diagnostic Instruments Inc., Sterling Heights, Michigan) 
attached to an BX51 brightfield microscope (Olympus America Inc., 
Center Yalley, Pennsylvania). The length, width, and perimeter of each egg 
were determined using SPOT Software Yersion 4.7 (Diagnostic Instru-
ments Inc.). The measurements on the eggs from the different sources were 
compared using a I-way analysis of variance (ANOY A) with Tukey's 
multiple comparison method (95% confidence interval) using MINIT AB® 
16 (Minitab Inc., State College, Pennsylvania). 
For further verification that the eggs used for the measurements were of 
the species so designated, DNA from eggs recovered from the 4 source 
animals was examined using the same polymerase chain reaction (PCR) 
and sequencing methodology that had been used in the original isolation 
of the different strains (Liotta, Koompapong et aI., 2012; Liotta, Yo un 
et aI., 2012). The PCR amplification with restriction fragment length 
polymorphism (RFLP) Hinf1 restriction digestion showed that the eggs 
matched the expected specific designation, i.e., eggs of A. braziliense 
isolates from each respective dog and cat and eggs of A. caninum or A. 
tubaeforme from the respective dog and cat samples (Fig. 1). Because the 
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FIGURE 1. Image of agarose gel showing the results of the PCR 
amplification and Hinf1 RFLP digestion for the eggs of Ancylostoma 
braziliense, Ancylostoma caninum, and Ancylostoma tubaeforme. Lanes 
from left to right represent: 50-base pair (bp) DNA ladder, Hinf1 
restriction digest products of A. braziliense from a cat, A. braziliense from 
a dog, A. caninum, and A. tubaeforme, the PCR products of A. braziliense 
from a dog and A. caninum, and another 50-bp DNA ladder. The lack of 
difference between the RFLP results between A. caninum and A. 
tubae{orme is expected because they do not differ using this restriction 
enzyme; as per the text, species identity was verified by an RsaI digest 
and sequencing. 
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TABLE I. Reported measurements made on eggs of Ancylostoma caninum, Ancylostoma braziliense, and Ancylostoma tubaeforme from this study and from previously published studies. Mean (x) 
length and width (±SD), as reported herein, and the ranges for each dimension are presented. Other measurements, mean length and width and ranges, have been extracted from the literature. All 
measurements are presented in micrometers. 
A. caninum 
x = 63.92 ± 5.28 X 39.21 ± 1.52 
58.20--76.09 X 36.04-41.40 
NRt 
x = 62.17 ± 0.43 X 37.87 ± 0.27§ 
NR 
54.2-85.3 X 30--54 
x = 62.2 X 38.8 
55.0--72.2 X 34.4-44.7 
x = 59 X 38, 60--85 X 33-44 (naturally infected cats) 
x = 70 X 39, 63-80 X 34-43 (experimentally infected cats) 
x = 68 X 41, 61-76 X 38-46 (naturally infected dogs) 
62-69 X 45-51 
x = 62.9 ± 3.35 X 40.4 ± 2.11 
54.6-71.4 X 37.8-46.2 
52-79 X 25-58 
NR 
NR 
74-84 X 48-54 
74-84 X 48-54 
74-84 X 48-54 
56-65 X 37-43§ 
63.8 X 40.4§ 
60--75 X 38-45 
56-65 X 37-43§ 
74-84 X 48-54 
63.8 X 40.4§ 
80 X 50 
55-74 X 37-43 
A. braziliense 
x = 53.03 ± 2.33 X 36.37 ± 1.35* 
48.13-57.20 X 34.22-39.21 
65 X 32t 
x = 55.34 ± 0.47 X 34.28 ± 0.18 
x = 53.0 ± 3.1 X 35.2 ± 2 
52-66 X 32-36 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
A. tubaeforme 
x = 61.44 ± 3.05 X 39.16 ± 1.40 
57.67-66.43 X 37.67-41.79 
NR 
NR 
x = 64.4 ± 3.7 X 41.0 ± 6 
45.0--75.7 X 34.4-44.7 
x = 61.3 X 40.0 
55.0 -75.7 X 34.4-44.7 
x = 63 X 41, 55-78 X 34-58 (4 naturally 
and I experimentally infected cats) 
54-58 X 41-43 
x = 57.4 ± 2.81 X 36.6 ± 2.06 
50.4-65.1 X 29.4-42.0 
45-78 X 34-57 
60.27-66.35 X 36.16-43.4 
58-68 X 36-44 (ex utero) 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
Reference 
This study 
Gomez de Faria, 1910 (original 
description) 
Sarles, 1929§ II 
Nolan et ai., 1992# 
Rep, 1963 
Burrows, 1962 
Okoshi and Murata, 1967 
Noda, 1952 
Setasuban, 1979 
Deplazes, 2006 
B6hm, 1955 
Biocca, 1954 (redescription) 
Hall, 1923 
Sprehn, 1932 
Neveu-Lemaire, 1936 
Monnig, 1938§ 
Landsberg, 1939§ 
Belding, 1942 
Monnig, 1947§ 
Morgan and Hawkins, 1949 
Craig and Faust, 1951§ 
Coffin, 1953 
Ehrenford, 1953 
• For this table, the 20 measurements (10 made on the cat isolate and 10 made on the dog isolate) have been combined to represent a single measurement set for A. braziliense. 
t NR, not reported; the source paper presented no data on the other species under consideration. 
t It seems likely that Gomez de Faria (1910) measured in utero worms fixed in hot 70% ethanol. 
§ Ehrenford (1953) thought the data in these papers most closely corresponded with his own data for A. caninum. 
II Sarles (1929) concluded that A. caninum eggs were larger than those of A. braziliense. 
# Nolan et aI. (1992) showed that A. braziliense eggs were statistically significantly smaller than those of A. tubaeforme. 
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FIGURE 2. Representative images from the 4 sets of eggs measured, showing an egg near the mean length for each group. (A) Ancylostoma braziliense 
egg from a dog infected with a canine isolate. (B) Ancylostoma braziliense egg from a cat infected with a feline isolate. (C) Ancylostoma caninum egg from 
a dog. (D) Ancylostoma lubaeforme egg from a cat. Bar (top left) = 20 11m, and all images are magnified to the same scale. 
HinfI RFLP patterns for A. caninum and A. tubaeforme do not differ, 
DNA from the eggs was further characterized using an RsaI digestion 
(Glasser et aI., 1996) that verified the identity of these 2 egg sets (data not 
shown). The sequence analysis of the recovered DNA revealed a 96% 
identity match for A. braziliense cat isolate (62% coverage of accession 
DQ438062), 98% identity match for A. braziliense dog isolate (63% 
coverage of accession DQ438062), 96% identity match for A. caninum 
(62% coverage of accession DQ43807l), and 96% identity match for A. 
tubaeforme (45% coverage of accession Y19l82, the only ITS sequence in 
NCB I). These 4 sequences have been deposited in GenBank: A. braziliense 
cat isolate (JQ8l2692), A. braziliense dog isolate (JQ8l2693), A. caninum 
(JQ8l2694), and A. tubaeforme (JQ8l269l). 
Mean egg length, width, and perimeter and the length-to-width ratio (all 
measurements are in micrometers) were as follows: A. braziliense feline 
source, 54.29 ± 1.62, 35.46 ± 0.75, 140.96 ± 2.44, and 1.53 ± 0.06; A. 
braziliense canine source, 51.78 ± 2.31, 37.29 ± 1.18, 139.90 ± 2.70, and 
1.39 ± 0.10 (n = 20; [combined cat and dog source], 53.03 ± 2.33, 36.37 ± 
1.35, 140.43 ± 2.56, and 1.46 ± 0.11]; A. caninum, 63.92 ± 5.28, 39.21 ± 
1.52, 161.99 ± 9.30, and 1.63 ± 0.13; and A. lubaeforme, 61.44 ± 3.05, 
37.14 ± 1.40, 157.98 ± 5.81, and 1.57 ± 0.08 (Table I). The ANOYA 
revealed that there was at least 1 mean in each comparison (length, width, 
perimeter, and length-width ratio) that was significantly different at P < 
0.001; Tukey's multiple comparisons revealed that the eggs of A. 
braziliense from the canine and feline sources were significantly smaller 
in all dimensions and slightly rounder than those of A. lubaeforme and A. 
caninum. Nolan et al. (1992) noted that the eggs of A. braziliense were 
smaller than those of A. lubaeforme, and Sarles (1929) made a similar 
observation with respect to A. caninum. When the measurements of the A. 
braziliense eggs in the current study are compared with those of Nolan et 
al. (1992), they are remarkably similar (Table I); lengths, 53.0 versus 
53.0!J.ffi and widths 36.4 versus 35.2 11m. The differences in the size of the 
Ancylostoma spp. eggs can be readily seen when the eggs are compared 
microscopically (Fig. 2). Thus, it seems that the eggs of A. braziliense are 
distinguishable in the feces of a dog or cat when size is compared with eggs 
of the other hookworms, A. caninum and A. lubaeforme. 
The eggs of A. braziliense from the dog and cat in this study differed 
significantly only in width. Ancylostoma braziliense eggs from the dog were 
wider than those from the cat, being statistically different at the 95% level 
in the ANOY A, which included the A. caninum and A. tubaeforme eggs, 
and in a t-test comparing the 2 means alone (P = 0.001): feline A. 
braziliense eggs had a width of 34.46 ± 0.75 11m, and canine A. braziliense 
eggs had a width of 37.29 ± 1.18 11m. This difference is not likely to be 
useful for microscopic differentiation. 
Ancylostoma caninum and A. tubaeforme eggs did not differ significantly 
in length, width, or perimeter. Okoshi and Murata (1967) were unable to 
distinguish any differences between the sizes of the eggs of these 2 species 
of Ancylostoma. Setasuban (1979) measured the length and width of 100 
eggs each of A. lubaeforme and A. caninum and then calculated the volume 
of the measured eggs. Setasuban (1979) did not present any statistical 
comparisons for length and width but stated that the majority of A. 
tubaeforme eggs had a mean volume (77,162 ± 8,707 11m3) that was less 
than that of the A. caninum eggs (102,941 ± 10,885 llm\ that all eggs 
<80,000 11m3 were A. tubaeforme, and that all eggs> 100,000 11m3 were A. 
caninum. Measured eggs between 80,000 and 90,000 11m3 had a 91 % 
chance of being A. tubaeforme and a 4% chance of being A. caninum, and 
measured eggs between 90,000 and 100,000 11m3 had a 35% chance of 
being A. caninum and a 9% chance of being A. tubaeforme. Overall, the 
eggs of A. caninum and A. tubaeforme have overlapping dimensions. So, 
except when analyzing environmental samples, host specificity will 
probably override any.. observed minor differences in sizes. 
This work emphasizes that the 3 major hookworm species of the dog 
and cat can be differentiated on the basis of size. The largest egg is that of 
U. stenocephala that is 70- 90 x 40-50 11m (Ehrenford, 1953). Next, in the 
dog and cat, we have the eggs of A. caninum and A. tubaeforme, 
respectively, that are 58- 76 x 36-42 11m (this study). The smallest eggs are 
those of A. braziliense at 48-57 x 34-39 11m (this study). For those that 
routinely perform fecal examinations, it should be a relatively easy task to 
differentiate these eggs on the basis of size. Because these worms differ in 
their clinical effects on their canine and feline hosts and because they have 
very different zoonotic potentials, it seems worthwhile that people who are 
going to be running diagnostic fecal examinations on dogs and cats be 
trained to recognize the smaller A. braziliense eggs in the same manner 
that they recognize the larger U. stenocephala eggs. 
Similar to, and in part, using the data presented by Ehrenford (1953) in 
his table that compared the reported sizes of A. caninum and U. 
slenocephala, a tabular presentation of the reported measurements of A. 
caninum, A . lubaeforme, and A. braziliense is reported here (Table I). 
Most , but not all, of the numbers are in fairly good agreement. Rep (1963) 
states that species of Ancylostoma cannot be readily distinguished using 
egg sizes, and this is reflected in the egg data he presents. The numbers 
presented in the table by Deplazes (2006) seem to include some very small 
eggs, similar to those of Rep (1963) in the measurePlents for A. caninum 
and A. tubaeforme, suggesting that these measurements include eggs of A. 
braziliense. 
The work presented here suggest that eggs of A. braziliense could be 
readily recognized by a trained observer. Therefore, in areas where A. 
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braziliense is present, diagnostic laboratories could report eggs as being 
either those of A. braziliense or those of the canine- and feline-specific 
hookworms A. caninum and A. tubaeforme. Also, because it is possible to 
identify dogs or cats in the field shedding specifically the eggs of A. 
braziliense, it should be possible to obtain morphologically identified field 
isolates of A. braziliense without the need of molecular biology, except to 
verify the identity of the larvae in culture. However, the general concept of 
using molecular biology to identify eggs in the feces of a host for the 
purpose of strain isolation is applicable to other situations where the eggs 
are difficult to distinguish, e.g., areas where A. braziliense and A. 
ceylanicum are both present in dogs and cats, where A. ceylanicum and A. 
duodenale both occur in people, or in the case of various trichostrongylid 
and strongylid parasites in other hosts. Similarly, molecular methods 
would be preferred when working with wildlife species where identification 
and recovery of worms at necropsy would not be acceptable under most 
conditions, e.g., isolation of A. braziliense from Florida bobcats that can 
be hosts to A. caninum, A. braziliense, A. tubaeforme, and Ancylostoma 
pluridentatum (McLaughlin et aI., 1993). 
We thank Cheri-Hill Kennel and Supply, Inc. for supplying the feces 
containing the eggs of A. caninum, A. tubaeforme, and cat-source A. 
braziliense. All trademarks are the property of their respective owners. 
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ABSTRACT: A cDNA encoding the Babesia microti 32-kDa protein was 
identified by serological immunoscreening of a cDNA expression library 
and designated as BmP32, The full length of BmP32 contains an open 
reading frame of 918 base pairs consisting of 306 amino acids having a 
significant homology with B. microti secreted antigen I, Antiserum raised 
against recombinant protein (rBmP32) specifically reacted with a 32-kDa 
native protein of the parasite lysate using western blot analysis, The 
indirect immunofluorescent antibody test showed a preferable localization 
of BmP32 in the cytoplasm of the intra- and extracellular parasites. 
Moreover, BmP32 was secreted in the cytosol of infected erythrocytes, 
especially during the peak parasitemia and the recovery phase of the 
infection. Next, the antigenicity of rBmP32 was examined by an enzyme-
linked immunosorbent assay (ELISA) and sera from mice experimentally 
infected with either B. microti or closely related parasites. ELISA was 
highly specific and sensitive when used for the detection of B. microti 
antibody in a mouse model. Furthermore, mice immunized with rBmP32 
emulsified with Freund's adjuvant were not significantly protected against 
challenge infection with B. microti. However, high antibody titer was 
detected just before the challenge infection. Our data suggest that rBmP32 
may be a specific diagnostic antigen but not a subunit vaccine. 
Babesia microti is a tick-borne intra-erythrocytic parasite that has 
recently emerged as a lethal opportunistic pathogen in immunocompro-
mised patients. Human babesiosis, caused by B. microti, was first 
recognized as an endemic disease in North America and has recently 
surfaced in Europe and East Asia (Homer et aI., 2000; Hildebrandt et aI., 
2007). The parasite normally causes clinical manifestations ranging from 
an asymptomatic carrier state to malaria-like episodes that could be 
life-threatening, especially in immunocompromised or elderly patients. 
Transmission occurs through the bite of infected Ixodes scapularis ticks or 
via blood transfusion from an infected donor (Leiby, 2006). Therefore, 
asymptomatic carriers are a potential threat to public health and, 
currently, the Red Cross and other blood donation agencies prohibit 
people with a history of babesiosis from donating blood (Krause et aI., 
2003; Krause et aI., 2008). The increase in reported fatal cases of B. microti 
infection worldwide has spurred an interest in developing effective 
diagnostic tools and vaccine strategies that could lead to better 
management and control of infection (Homer et aI., 2000; Krause et aI., 
2008). 
The development of diagnostic tools and subunit vaccines against 
babesiosis has recently shifted to molecular-defined antigen technology 
that offers the choice of particular proteins interacting with immune 
effector cells (Homer et aI., 2000; Brown et aI., 2006; Terkawi et aI., 2011). 
Although several recombinant proteins of Babesia have been identified 
and evaluated as potential diagnostic and vaccine antigens, results in 
experimental model have not been satisfactory and, therefore, further 
research on the discovery of new antigens is extremely desirable (Homer 
et aI., 2000; Brown et aI., 2006). In the present study, a novel gene 
encoding a 32-kDa protein of B. microti (BmP32) was identified by 
immunoscreening. The diagnostic potential of a recombinant BmP32 
(rBmP32) protein was evaluated with ELISA technology. In addition, the 
protective effect of the rBmP32 against challenge infection with B. microti 
was evaluated using a mouse model. 
To identify a promising antigen for development of a diagnostic marker 
or vaccine candidate, a cDNA library of B. microti (Munich strain) 
merozoites (Nishisaka et aI., 2001) was screened with pooled sera of mice 
DOl: lO.1645/GE-2999.1 
having an acute B. microti-infection; a total of 164 positive clones was 
obtained, isolated, sequenced, and then subjected to BLAST analysis 
(Ooka et aI., 2011). Two clones that showed 34% identities with BmSAI of 
B. microti (Luo et aI., 2011) were selected for testing; these cDNAs were 
designated as the BmP32 gene (AB672865). The full length of BmP32 
contained an open reading frame consisting of918 nucleotides, encoding a 
polypeptide with 306 amino acid residues, having a calculated molecular 
mass of 34.4 kDa and an isoelectric point of 5.5. The hydrophobic region 
at the N-terminus of BmP32 had a signal peptide, and the most likely 
cleavage site was predicted to be between 23 and 24 amino acids. The 
expected molecular weight of authentic protein without the signal peptide 
is 32 kDa. A computer analysis of potential subsequence motifs in the 
BmP32 amino acid sequence revealed the presence of 3 bipartite nuclear 
localization signals (NLS-BP) distributed across the entire length of the 
protein (Lys27-Thr44, Lys203-Glu217, and Lys249-Glu263), a lysine rich 
region (L YS-RICH) extending over amino acid residues Lys27-Lys108, 
and a remorin C-terminal extending over amino acid residues Lys178-
Leu294 (Fig. IA). The L YS-RICH that was found in BmP32 is also 
present in a large number of variant erythrocyte surface antigens (VESAs) 
of Babesia bovis. The proteins of the VESAs family are believed to have an 
important role in the survival of the parasites, discharging into their host 
cells and mediating the cytoadherence and sequestration of iRBCs (Allred, 
2001). Remorins are plant-specific plasma membrane-associated proteins 
that may have regulatory functions during the pathogen infection due 
their ability to bind the extracellular matrix component and, possibly, to 
restrict movement of the pathogen in the plants (Jarsch and Ott, 2011). 
Further study investigating the function of remorin-protein in Babesia 
should be beneficial in understanding its role in the survival of the 
parasites. Subsequently, southern blot analysis (Ooka et aI., 2011) has 
revealed that the genomic DNA of B. microti contains a single copy of the 
BmP32 gene (Fig. I B). 
To further characterize BmP32, the cDNA encoding BmP32 but lacking an 
N-terminus signal peptide was amplified using primer sets: 5'-CCGGATC-
CAACGGTGATAAAAAAGA-3' and 5'-AGCTCGAGTTGTGCTTA-
GATTACAC-3'; restriction enzyme sites are underlined (EcoRI and XhoI, 
respectively). The resulting PCR product was cloned into the pGEX-4T1 
plasmid and then expressed in Escherichia coli BL21. Upon sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), a rBmP32 protein 
fused with glutathione S transferase (GST) and having a molecular mass 
of 58 kDa was detected (Fig. 2, lane I). Upon western blotting, this 
recombinant protein reacted with sera of mice experimentally infected with B. 
microti to give a specific band (Fig. 2, lane 3), indicating that the protein is 
antigenic. 
Mouse anti-rBmP32 serum reacted with endogenous protein in the B. 
microti lysate to yield a 32-kDa specific band, a molecular mass consistent 
with that of authentic or endogenous protein (Fig. 2, lane 5). In contrast, 
no specific band was observed when the parasites were probed by anti-
GST serum used as a negative control in both western blot analysis and 
indirect immunofluorescent antibody test (IFAT; data not shown). The 
anti-rBmP32 serum was further used to determine cellular localization of 
BmP32 in the B. microti by IFAT (Fig. 3). Observation of extracellular 
and intracellular parasites by confocal microscopy demonstrated that 
BmP32 was expressed in each of the developmental stages of B. microti 
merozoites (Fig. 3A-E). Specific green fluorescence was observed within 
the cytoplasm of extra-erythrocytic and intra-erythrocytic merozoites for 
both single and dividing forms (Fig. 3A-C). Moreover, BmP32 was 
secreted from the parasite cell into the cytoplasm of infected erythrocytes 
as evidenced by the specific green fluorescence seen within the erythrocyte 
cytoplasm. This green fluorescence was observed in 5.4-7.8% of infected 
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FIGURE 1. Genetic and molecular characterizations of the Babesia 
microti 32-kDa protein (BmP32). (A) Graphic depiction of BmP32 
(AB672865). The B. microti Munich cDNA BmP32 contains a complete 
open reading frame encoding the predicted protein shown in the bar 
below, with characteristic structures: a signal peptide (1-23 aa) at the N-
terminal, three bipartite nuclear localization signals (NLS-BP), lysine 
rich region (L YS-RICH), and remorin C at the C-terminal region. (B) 
Southern blot analysis of genomic DNA of B. microti digested with 
different restriction enzymes, SpeI Oane I}, ApaI Oane 2}, BamHI Oane 3}, 
Acel Oane 4}, and HindIII Oane 5} and hybridized with the specific probe 
of BmP32 cDNA. 
erythrocytes, particularly at peak-parasitemia and when parasitemia was 
resolving (Fig. 3D, E). The secreted form of BmP32 was not observed 
when the blood smears were made from mice at an early stage of the 
infection (data not shown). The presence of BmP32 within the cytoplasm 
of infected RBCs was puzzling as to whether this protein can be released 
into the blood circulation of infected mice. Therefore, western blotting was 
performed using the plasma obtained from B. microti-infected mice with 
the anti-rBmP32 serum; an apparent band of the 32-kDa protein 
corresponding to the native BmP32 was observed (data not shown). 
In general, the release of B. microti proteins into the cytosol and 
membrane is associated with alteration in the biochemical and morpho-
logical characteristics of iRBC, including membrane permeability, rigidity, 
and deformability (Hutchings et aI., 2007). These dramatic changes may 
maintain the mechanical integrity and stability of the host cells during 
intracellular parasite replication, preventing RBC lysis and consequent 
parasite release. The other possible functions of these proteins may be 
based on the fact that B. microti parasites have a high nutritional demand 
and require an extensive network within the host cells to facilitate protein 
trafficking, nutrient uptake, and delivery between the parasites and the 
RBC membrane compartment (Yokoyama et aI., 2006). In addition, these 
proteins may serve as RBC ligands for cytoadhesion in organ capillaries, 
allowing the iRBC to adhere to endothelial cells of the host's 
microcapillaries and, subsequently, escape from destruction in the spleen 
(O'Connor et aI., 1999; Hutchings et al., 2007). Therefore, the presence of 
kDa 
1 2 3 4 s 6 
66-
-
.. 
45-
30-
--
FIGURE 2. SDS-PAGE and western blot analysis of recombinant and 
native BmP32. The 12% SDS-PAGE stained with Coomassie blue: 
recombinant BmP32 (lane I) and GST (lane 2). Western blot of 
recombinant protein: rBmP32 (lane 3) and GST (lane 4) probed with 
mouse B. microti-infected serum. Western blotting of native BmP32: B. 
microti-infected RBC lysate (lane 5) and normal murine RBC Oane 6} 
probed with anti-rBmP32 serum. Arrows at the right indicate the 
recombinant and native proteins. 
BmP32 shed within iRBCs may suggest its role in the survival of the 
parasites, i.e., the acquisition of nutrient from the cytosol of host cells or 
from extracellular milieu. However, further study, including the elucida-
tion of the precise function of BmP32, could be beneficial for a better 
understanding of the pathogenesis leading to the development of new 
therapeutic strategies. 
Furthermore, the specificity and sensitivity of rBmP32 was evaluated in 
a standard ELISA with a variety of experimentally infected and negative-
control murine sera (Ooka et aI., 2011). The cutoff optical density (OD) 
value was initially determined based on the OD values of the 20 negative-
control sera to be 0.1 (Fig. 4A). Notably, the rBmP32-ELISA succeeded 
in clearly differentiating between B. microti-infected sera (Munich strain) 
and either the negative-control sera or Babesia rodhaini-infected and 
Plasmodium berghei-infected sera (Ooka et aI., 2011). Thus, sera from B. 
microti-infected mice exhibited a highly specific reaction, whereas sera 
from infected mice with closely related parasites revealed a clear negative 
reaction (OD <0.1). Strikingly, there was no reaction with serum samples 
from either hamsters infected with the B. microti Gray strain or humans 
infected with the Kobe strain (data not shown). Moreover, rBmP3-ELISA 
detected a specific antibody response in sequential sera from mice 
experimentally infected with B. microti beginning from 4 days post-
infection (PI) until 116 days PI (Ooka et aI., 2011), even when the parasites 
were difficult to detect in stained blood smears (Fig. 3B). The specificity 
and sensitivity of the current ELISA suggest that rBmP32 can be used as 
specific serological marker for diagnosis of the B. microti Munich strain, 
which has the potential to infect humans. On the contrary, antigens 
previously identified from either Gray or Munich strains showed good 
sero-diagnostic performance with multiple stains of B. microti (Luo et aI., 
2011; Ooka et aI., 2011). In addition, an attempt to identify BmP32 from 
B. microti (Gray strain) was made by screening the parasites with specific 
anti-BmP32 serum. Neither the immunoscreening of the cDNA library nor 
the IFAT with B. microti (Luo et aI., 2011) produced a positive reaction 
(data not shown). These results indicate that BmP32 can be used as a 
specific serological marker for diagnosis of the B. microti Munich strain, 
which has the potential to infect humans. Further study to investigate the 
molecular differences among the strains of same species must be made to 
understand the pathogenesis of the infection. 
To evaluate the protective effects of rBmP32 against B. microti 
infection, mice were immunized with antigen followed by 3 consecutive 
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FIGURE 3. Cellular localization of BmP32. Confocal laser microscopic observation of BmP32 in thin blood smears of B. microti-infected RBC stained 
with specific antibody. Anti-rBmP32 (Wako Pure Chemical Industries, Osaka, Japan) was applied as the first antibody on the fixed smears and 
incubated at 37 C for I hr in a moist chamber. After washing with phosphate buffered saline Tween® 20 (PBST) 3 times, Alexa-Fluor® 488-conjugated 
goat anti-mouse immunoglobin G (IgG) (Molecular Probes, Provo, Utah) was applied as a secondary antibody (1:200) and then incubated at 37 C for 
30 min. The slides were washed three times with PBST and incubated with 2.5 ~g/ml propidium iodide (Molecular Probes) containing 50 )1g/ml RNase 
(Qiagen, Hilden, Germany) at 37 C for 10 min. After washing with PBS twice, the glass slides were mounted by adding I 0 ~l of a 50% glycerol-PBS (v/v) 
solution and covered with a glass coverslip. The slides were examined using a confocal laser scanning microscope (TCS NT, Leica, Heidelberg, 
Germany). The specific reaction of the antigen is green and the nuclens is red. (A) the reactivity of antiserum with extracellular merozoites, and (B--E) 
with intracellular B. micron' merozoites; single and dividing form. Panels (D, E) show the shed form of BmP32 in iRBC. Upper panels (A-E) are the 
overlaid image of fluorescent green reactivity and red propidium iodide staining of nuclei; lower panel (AI-EI) the overlaid image of fluorescent green 
reactivity and red propidium iodide staining on phase-contrast images of the parasites. Bars = 5 ~m. 
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FIGURE 4. Reactivity of rBmP32-iELISA with varieties of murine sera. 
(A) The specificity of iELISA in detecting the infection. Lane I , B. microti-
infected mice sera (n = 18); lane 2, B. rodhaini-infected mice sera (n = 6); 
lane 3, Plasmodium berghei-infected mice sera (n = 6); lane 4, specific-
pathogen-free mice sera (n = 20). (B) Sensitivity of rBmP32-ELISA in the 
detection of the infection in serial sera obtained from mice experimentally 
infected with B. microti (n = 5). Ninety-six micro titer plates (Nunc, 
Denmark) were coated overnight at 4 C with rBmP32 and GST at a 
boosters at 14-day intervals prior to challenge infection with B. microti. 
Notably, BmP32-immunized mice showed high specific antibody 
response detected by IFAT (titer ~ 1:51,200) contrary to control mice 
immunized with GST that showed no reaction (data not shown). Two 
weeks after the last boost, mice were infected with B. microti and 
parasitemias were monitored for 30 days PI. All mice developed 
parasitemias as early as day 2 post-challenge infection, with peak-levels 
being observed at day 8. The mice that received rBmP32 demonstrated 
similar parasitemia profiles to control mice that received GST or no 
immunization, with no significant differences between test and control 
groups (data not shown). These results indicate that the rBmP32 was not 
protective, with immunization nonetheless inducing high antibody response 
in mice. Secreted antigens are considered to be potential candidates for 
vaccine development, as documented in other species of Babesia (Shkap et 
aI., 2007). For instance, 4 exo-antigens identified in B. bovis, the spherical 
body protein-l (SBP-I), cysteine-rich protein (l2D3), rhoptry-associated 
protein-l (RAP-I), and the high molecular weight antigen (1IC5) confer 
concentration of 0.2 )1g/well in a coating buffer (a 50 mM carbonate-
bicarbonate buffer, pH 9.6). After blocking with 3% skim milk in PBS for 
I hr at 37 C, the plates were incubated with 50 ~I of serum samples diluted 
1:100 with the blocking solution for I hr at 37 C. The plates were washed 6 
times with PBST and then incubated with 50 )11 of horseradish peroxidase-
conjugated anti-mouse immunoglobulin G (IgG) (Bethyl Laboratories, 
Montgomery, Texas) diluted 1:4,000 with the blocking solution for I hr at 
37 C as a secondary antibody. After washing, 100 ~I of a substrate solution 
(0.1 M citric acid monohydrate, 0.2 M sodium phosphate, 0.3 mg/ml of 
2,2' -azide-bis [3-ethylbenzthiazoline-6-sulfonic acid] [Sigma, St. Louis, 
Missouri] and 0.01% of 30% H20 2) was added and the plates were 
incubated for I hr at room temperature. The optical density (OD) was 
measured using an MTP-500 microplate reader (Corona Electric, Tokyo, 
Japan) at a wavelength of 415 nm. The OD values of the GST-background 
values were subtracted from those of rBmP32. The parasitemia was 
determined by microscopic examination. Each point represents the mean 
± standard deviation. 
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protection against experimental infection in vivo (Wright et aI., 1992; 
Brown et aI., 2006). Interestingly, all 4 antigens have the apical end 
localization and are secreted in the supernatant of in vitro culture. In these 
trials, the protection is associated with a rapid activation of memory and 
effector CD4t T cells that secrete the IFN-y needed to activate 
macrophages and mediate the production of protective antibody upon 
infection (Homer et al., 2000; Brown et aI., 2006). Therefore, the inability of 
BmP32 to induce sufficient protection against B. microti infection is most 
probably due to the late exposure of protein to the immune cells, resulting in 
a delay in the activation of CD4t T cells and macrophages on infection 
(Brownet aI., 2006; Suarez and Noh, 2011). The secreted BmP32 detected in 
the blood may be derived from the rupture of immature iRBCs only during 
the peak-parasitemia and recovery phases of the infection. On the other 
hand, the cytoplasmic localization of BmP32 in the free merozoites may 
make the target protein inaccessible to immune cells. Further trials with 
different recombinant forms, immunization regime, and challenge infection 
time (lor 2 mo after the last boost to allow the immune response to be 
completely developed) might be needed to re-evaluate the protective effects 
of BmP32 in vivo. 
In summary, we have identified and characterized a 32-kDa protein that 
was detected in the cytoplasm of B. microti as well as in the cytoplasm of 
iRBC during the peak-parasitemia and recovery phases of infection. 
Recombinant BmP32 was a good antigen for serological diagnosis of 
only the B. microti Munich strain and no other. Immunization with 
the recombinant antigen in Freund's adjuvant showed no significant 
protective effects against B. microti challenge infection, although high 
specific antibody response was induced. The promising diagnostic 
performance of rBmP32 can make it a specific serological marker for 
diagnosis of the infection with B. microti Munich strain in rodents and 
humans. 
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DNA Barcoding of Schistosome Cercariae Reveals a Novel Sub-Lineage within 
Schistosoma rodhaini From Ngamba Island Chimpanzee Sanctuary, Lake Victoria 
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ABSTRACT: While Schistosoma rodhaini is typically considered a parasite 
of small mammals and is very scantly distributed in the Lake Victoria 
basin, it is known to hybridize with the more widespread Schistosoma 
mansoni, the causative agent of intestinal schistosomiasis, As part of 
broader parasitological and malacological surveys for S. mansoni across 
Lake Victoria, schistosome cercariae were harvested from a field-caught 
Biomphalaria choanomphala taken on Ngamba Island Chimpanzee 
Sanctuary, Uganda, Upon DNA barco ding, these cercariae were found 
to be a mixture of both S. rodhaini and S. mansoni, with further 
phylogenetic analysis revealing a hitherto unknown sub-lineage within S. 
rodhaini, Despite repeated sampling for eggs and miracidia from both 
chimpanzees and staff on Ngamba Island Sanctuary, detection of S. 
rodhaini within local definitive hosts awaits additional efforts, which 
should be mindful of a potential host role of spotted-necked otters, 
While schistosomiasis is well recognized as a disease of major public 
health importance in sub-Saharan Africa (Stothard, Chitsulo et aI., 2009), 
the significance of infections with other species of schistosomes, which 
more commonly infect animals, is often overlooked, While the latter 
schistosome species can be important in their own right, they have also 
recently begun to gather increased attention owing to reports of known or 
suspected hybridization with the human schistosomes, such as Schistoso-
ma mansoni and Schistosoma haematobium (Morgan, Dejong, Lwambo 
et aI., 2003; Huyse et aI., 2009), Therefore, a better understanding of the 
epidemiology and evolutionary processes within animal schistosomes may 
be of both medical and veterinary significance. 
With regard to Schistosoma rodhaini, this poorly known species is a 
sister taxon to S. mansoni and placed within the S. mansoni group 
(Morgan, Dejong, Kazibwe et aI., 2003), Schistosoma rodhaini is 
commonly considered primarily an infection of rodents and insectivores 
(Hanelt et aI., 20 I 0). The species has a very patchy distribution in East 
Africa, where it co-occurs alongside the more widely spread S. mansoni; in 
areas of overlap, S. mansoni has been observed to be much more 
abundant, suggesting ecological dominance (Steinauer, Hanelt et aI., 
2008), This is perhaps due to the greater susceptibility of human hosts to 
S. mansoni compared with small mammals and S. rodhaini, which, for the 
latter, tend to have lower infection intensities (Steinauer, Mwangi et aI., 
2008; Hanelt et aI., 2010). Intriguingly, at a single site in the Lake Victoria 
basin, genetic introgression between S. mansoni and S. rodhaini has been 
observed (Steinauer, Hanelt et aI., 2008); several snails collected from this 
region near Kisumu in Kenya were co-infected with both species of 
schistosome (Steinauer, Mwangi et aI., 2008). Elsewhere in Lake Victoria, 
a hybrid S. mansoni X S. rodhaini adult worm was recovered from a 
trapped rat on Ukerewe Island in Tanzania (Morgan, Dejong, Lwambo 
et aI., 2003), which emphasizes the potential for interaction between these 
schistosomes given their close evolutionary relationship, 
As part of a broader initiative to document the genetic diversity within 
S. mansoni in Lake Victoria, since 2008 we have surveyed for Biomphalaria 
spp, snails and schistosome cercariae from over 223 sites along the Lake 
Victoria shoreline in Uganda, Kenya, and Tanzania; schistosome-infected 
snails were generally rare (observed at only 9 sites), and, at each of these, 
cercariae were identified as S. mansoni using DNA barcoding (Standley 
et aI., 2010; Standley, Vounatsou, Gosoniu, J0rgensen et aI., 2012), 
Through the course of these expeditions, we additionally observed 
S. rodhaini at only I locality in Lake Victoria, specifically off Ngamba 
Island Chimpanzee Sanctuary in Uganda (Fig. I). As had been observed 
at the sites in Kisumu, the S. rodhaini cercariae were isolated from a 
DOl: lO.1645/GE-3091.1 
Biomphalaria choanomphala var. choanomphala snail (Standley, Wade, and 
Stothard, 20 II) that was also co-infected with S. mansoni, Other parts of 
Ngamba Island were also surveyed, during 6 separate field expeditions 
throughout 2008-2011, and snails found to be infected with S. mansoni 
were observed at 3 other sites (Standley, Vounatsou, Gosoniu, McKeon 
et aI., 2012); S. rodhaini cercariae were only observed once, at a single site 
(NG03), during a survey in June 2010, Ngamba Island is well known in 
this region for being a sanctuary for wild-born, re-homed chimpanzees 
(Pan troglodytes), which have recently been shown to be naturally infected 
with S. mansoni (Standley, Mugisha et aI., 2011), Given the ecological 
uniqueness of the site, we used molecular methods to characterize the S. 
rodhaini collected from the island and compare it to other isolates of S. 
rodhaini as well as S. mansoni, 
In the field, 29 individual cercariae harvested from the infected snail 
were preserved on a Whatman FTA® indicator card, DNA was extracted 
from individual spots using the method described by Gower et al. (2007), 
DNA barco ding was performed by sequence inspection of a partial 
segment of the cytochrome oxidase sub-unit 1 gene (COl) by PCR 
amplification with the primers ASMITI and ASMIT2, using standard 
thermal cycling conditions and cycle sequencing (Stothard and Rollinson, 
1997; Stothard, Webster et aI., 2009; Standley et aI., 2010). The internal 
transcribed spacer region (ITS) of the nuclear genome was amplified from 
an additional 5 cercariae using ETTS1 and ETTS2 primers (Stothard 
et aI., 1996) to cross check for putative hybrids, Amplified samples were 
purified using a QIAQuick PCR Purification Kit (QIAGEN Ltd" 
Crawley, U.K,), Sequencing reactions were performed on each purified 
PCR product using an Applied Biosystems Big DyeKit (version 1.1) 
(Carlsbad, California) and run on an Applied Biosystems 3730 DNA 
Analyzer. 
Twenty-two cercariae were successfully sequenced for the COl ASMIT 
region and were visually aligned in MacClade 4 (Maddison and 
Maddison, 2005) and reduced to 5 unique S. rodhaini haplotypes (20 
sequences) and I S. mansoni haplotype (2 sequences, which corresponded 
to an existing haplotype, with GenBank accession number AJ519524), The 
S. rodhaini sequences were submitted to GenBank and given the accession 
numbers JQ314100-JQ14104. The ITS sequences were identical and 
identified as S. rodhaini based on a BLAST search (www.ncbi.nlm.nih. 
gov/BLAST!), thus not suggesting the presence of hybrids. PAUP* 4.0 
(Swofford, 2002) was used to create distance (neighbor-joining) and 
maximum parsimony trees using the 5 haplotypes plus S. mansoni COl 
sequences obtained from larval material from Ngamba Island and 
neighboring Kimi Island. Only 3 S. rodhaini sequences were available 
from GenBank that covered the ASMIT region of COl, and these were 
included in the phylogenetic analysis, along with 2 S. haematobium 
FIGURE 1. Map showing the location of Ngamba Island, where 
Schistosoma rodhaini cercariae were isolated from a Biomphalaria 
choanomphala var. choanomphala snail. The geographical positioning 
system coordinates for the site are 0.10095°S, 32.65538°E. 
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FIGURE 2. Phylogenetic tree show-
ing position of Ngamba Island Schis-
tosoma rodhaini samples (clade "A") 
relative to sympatric haplotypes of 
Schistosoma mansoni (clade "B") and 
GenBank deposited sequences of S. 
rodhaini, Schistosoma haematobium, 
and Echinococcus multilocularis. Tree 
topology is based on distance (neigh-
bor-joining) method; the numbers 
above and below the node refer to 
bootstrap values from maximum parsi-
mony and neighbor-joining, respective-
ly (1,000 replicates each). Labels show 
GenBank accession number, the species 
name, and the collection location. 
sequences from GenBank and a sequence of Echinococcus multilocularis as 
an outgroup. Node support was estimated using bootstrapping (1,000 
replicates for both methods). 
The resultant tree showed strong support for S. mansoni as a sister 
group to the S. rodhaini clade, as expected. In Figure 2, "A" designates the 
S. rodhaini sequences from Ngamba Island, whereas "B" shows sympatric 
S. mansoni sequences. Within the S. rodhaini clade, the sequences from 
Ngamba Island formed a distinct, well-supported sub-clade to the existing 
laboratory and field-collected isolates of S. rodhaini. However, branch 
lengths were not long, suggesting low levels of differentiation and a recent 
split between the groups. Uncorrected p-distance estimates within the 2 S. 
rodhaini clades were 0.002 for the GenBank samples and 0.007 for the 
Ngamba sequences; the distance between the clades was 0.022, which was 
greater than the distance of the S. mansoni samples from either lineage 
included in Figure 2, and supported the conclusion that the Ngamba 
samples constitute a sub-lineage of significant differentiation from other S. 
rodhaini haplotypes. The presence of a novel sub-lineage of S. rodhaini 
could be accounted for by the relative isolation of Ngamba Island, both 
geographically and ecologically, given its status as a protected sanctuary 
among fishing communities with a high human population density. 
From an alternative perspective, it could also be suggestive of novel 
epidemiological opportunity and putative changes to the transmission of 
S. rodhaini occurring on Ngamba. For example, there are suspected 
populations of introduced, as well as native, rodents on Ngamba Island; 
previous trapping efforts of rodents have not been successful, so it 
is unknown which species may be acting as terminal host in this 
environment. Despite repeated sampling over several hundred miracidia 
from chimpanzees and local staff members resident on the island, the 
detection of S. rodhaini infections awaits additional efforts, with only S. 
mansoni found so far. However, it is worth noting that baboons already 
infected with S. mansoni are at greater risk of S. rodhaini infection. Thus, 
continued efforts should be made to monitor the possibility of co-infection 
in resident primates on Ngamba (Nelson and Teesdale, 1965). Other 
mammals could be responsible for the introduction and local maintenance 
of transmission, such as the resident population of spotted-necked otters 
(Hydrictic maculicollis); a haul-out site, with fresh scat, was observed close 
to where the snail infected with S. rodhaini was collected. Another factor 
of interest is that spotted-necked otters are becoming ever more threatened 
by habitat destruction elsewhere in Lake Victoria, and so the exposure to 
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novel pathogens such as S. rodhaini may have implications for their local 
conservation. 
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Host Susceptibility Is Altered by Light Intensity After Exposure to Parasites 
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ABSTRACT: Translating research advances to natural systems using 
experimental laboratory studies is often difficult because of the 
variability between the natural environment and experimental 
conditions. Because environmental conditions have a large effect on an 
organism's physiology, responses to stressors like nutrient limitation, 
temperature, oxygen deprivation, predation, and parasite/pathogen 
infection are likely to be context dependent. Therefore, it is essential to 
examine the impact the study environment has on the experimental 
outcome. Here, we explored the effect of light exposure on susceptibility to 
parasite infection. The Biomphalaria glabrata/ Schistosoma mansoni study 
system is a well-established model for studying schistosomiasis. It has been 
general practice to maintain the vector, B. glabrata, in dark conditions 
after exposure to miracidia of the human pathogen S. mansoni. We 
evaluated susceptibility of B. glabrata to S. mansoni under 3 different light 
conditions during the prepatent period, light (125 Ix) on a 12-12 cycle, dim 
light (3 Ix) on a 12-12 cycle, and no light (24 hr at 0 Ix). We hypothesized 
that stress due to photoperiod disruption (24 hr of darkness) would result 
in compromised immune function and lead to higher susceptibility to 
infection. Prevalence of infected snails differed significantly between the 
light conditions, and higher susceptibility was observed in the full light 
and complete dark conditions compared with the low light conditions. The 
dim conditions are representative of current methods for evaluating 
susceptibility in this system. Our results indicate that light exposure during 
the prepatent period can affect infection outcomes, and environmental 
conditions must therefore be considered when assessing fitness and 
immune response due to interactions between host genotype and 
environment. 
The environment can playa large role in disease outcome because it 
directly influences the physiology of both parasites and their hosts. For 
example, environmental conditions can elevate levels of stress hormones, 
which directly influence the immune system (Padgett and Glaser, 2003; 
Mydlarz et aI., 2006; Marketon and Glaser, 2008). Therefore, the impact 
that artificial environments can have on experimental outcomes should be 
carefully considered in the design of experiments. 
Schistosoma mansoni is an important pathogen in humans and is a 
causative agent of schistosomiasis, a disease that afflicts more than 200 
million people world-wide (Steinmann et aI., 2006). Because of their 
medical importance, these parasites are commonly the subject of 
laboratory experiments. The life cycle involves a snail intermediate host 
and a vertebrate definitive host. In the laboratory, maintenance of the 
parasite commonly involves passage through (strains of) Biomphalaria 
glabrata, a snail species native to the Caribbean and South America 
(Malek, 1985; Souza and Lima, 1990). After the prepatent period, 
cercariae emerge from infected snails daily following a circadian cycle 
(Pitchford et aI., 1969), but emergence is also triggered by exposure to 
bright light (Kuntz, 1947). It is general laboratory procedure to house 
snails in darkened aquaria after exposure to schistosome miracidia 
(Eveland and Haseeb, 2010). In dark environments, cercariae do not 
emerge (even though fully developed), so they accumulate within the snail 
and can be collected on demand when exposed to light (Kuntz, 1947). 
Snails typically are maintained in these darkened aquaria during the 
prepatent period, which is 35-56 days at 23-25 C (Stirewalt, 1954). 
Although this procedure is useful for collecting large numbers of cercariae, 
DOl: 1O.1645/GE-3109.1 
it may influence infection dynamics. Removal of a photoperiod can have 
deleterious effects on organisms and has been shown to reduce immune 
function, survivorship, and fitness in many species, including mice, rats, 
mosquitoes, and fruit flies (Li and Xu, 1997; Emerson et aI., 2008). 
Biomphalaria alexandrina is reported to be more susceptible to infection by 
S. mansoni under constant light conditions (Shoukry et aI., 1997; Jamjoom 
and Banaja, 2007); therefore, constant dark environments may also 
influence susceptibility. 
We hypothesized that removing light cues from the snails' environment 
by placing them in constant darkness after exposure to S. mansoni 
cercariae would increase their susceptibility to infection. To test this 
hypothesis, we compared prevalence of infection of snails that were raised 
in clear plastic boxes ("clear box") to those reared in blue plastic boxes 
("blue box") that are typically used in our lab for snail breeding and for 
keeping infected snails, respectively. The clear boxes (The Container Store, 
Portland, Oregon) were 6.8 L and contained 3 L of water. The amount of 
light transmitted through these boxes was 125 Ix. Light was measured 
using a light meter (Fisher Scientific Traceable Dual-Display, Thermo 
Fisher Scientific, Inc., Pittsburgh, Pennsylvania) by placing the sensor in 
an empty box. The blue boxes were indigo colored plastic that were 11.4 L 
(Roughneck Rubbermaid [3 gal]) and contained 6 L of water. Note that 
although the box volumes differ, we adjusted snail numbers so that density 
would be equivalent between box types. Some light (3 Ix) was transmitted 
through the blue boxes. However, previous studies have estimated that the 
threshold of light perception of B. glabrata is 20-80 Ix (Sodeman, 1973; 
Pimentel-Souza et aI., 1984); therefore, we did not anticipate that the 
snails could detect the light transmitted through these boxes. All treatment 
groups were kept in a room with fluorescent lighting (standard energy 
saving fluorescent bulbs, F40T12) on a 12 hr cycle of light and dark. 
The results of the first experiment failed to support our hypothesis that 
removing the photoperiod would increase infection succession. Instead, 
the opposite result was obtained, i.e., infection success was higher in the 
clear boxes than in the blue ones (Fig. I). We hypothesized that perhaps 
the snails received light cues from within the blue boxes through which 
dim light was transmitted (3 Ix). To further test our hypothesis, we 
performed a second experiment. Three treatment groups were included: (I) 
12-12 hr light dark cycle with 125 Ix light intensity (clear box); (2) 12-12 
hr light dark cycle with 3 Ix light intensity (blue box); and (3) 24 hr dark 
cycle (dark box, photoperiod disruption). Note that treatments 1 and 2 
were the same as the clear and blue box treatments, respectively, in 
experiment I. The "dark box" treatment used a blue box that we made 
dark by doubling it up with another blue box and wrapping it in black 
cloth; therefore, the inner environment of the dark box type was 
equivalent to the blue box (except for the absence of transmitted light). 
Infections were performed using the 13-16-R I albino strain of B. 
glabrata and S. mansoni that originated from Puerto Rico, PRl. Both 
snails and schistosomes have been maintained at OSU for over 26 yr (c. J. 
Bayne, pers. comm.). For the first experiment, each treatment group 
included 48 snails, and for the second experiment, each included 72 snails. 
Juvenile snails (4-6 mm shell diameter) were exposed to 5 miracidia for 4 
hr in individual wells of a 24-well tissue culture plate under fluorescent 
lighting. Snails were then moved to the treatment boxes so that their 
densities were equivalent between the clear and blue boxes (snails were 
split between 2 clear boxes in the light group and put in 1 box for the dim 
and dark groups in order to keep their densities equivalent between the 
clear boxes and blue boxes). After the prepatent period, infection status 
was determined for individual snails by isolating them in artificial spring 
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FIGURE 1. Prevalence of Schistosoma mansoni in Biomphalaria 
glabrata reared under 3 different lighting conditions during the prepatent 
period of infection. Error bars indicate 95% confidence intervals following 
the methodology of Newcombe (1998) as implemented in VassarStats 
(http://vassarstats.net/).Samplesizesaregivenoneachofthebars.No 
data (ND) were collected for the dark treatment for the first replicate. 
water in the wells of 12-well plates for 3 hr under bright light. The wells 
were then examined with a stereomicroscope for emergent cercariae. 
Infection status was determined at 5, 6, 7, and 9. wk post-exposure in 
experiment 1 and 6, 8, and 10 wk post-exposure in experiment 2. Infected 
snails were removed at each time point. We calculated prevalence by 
counting the number of infected snails, dividing by the number of snails 
present at the time of first shedding, and multiplying by 100. The majority 
of infected snails were discovered at the time of first shedding (74--75% for 
experiment 1 and 91-95% for experiment 2). 
Prevalence of infected snails was significantly different between 
treatment groups, and these differences were consistent across experiments 
(Fisher'S exact test: experiment 1, P = 0.04; experiment 2, P = 0.0375). 
Prevalence was highest in the light and dark boxes and lowest in the dim 
blue boxes (Fig. 1). 
These results suggest that the light intensity to which a snail is exposed 
after encountering S. mansoni can influence their susceptibility to 
infection. Counter to our hypothesis, infection success was higher with 
the brightest light (125 Ix) and no light (0 Ix) and was lower when snails 
were exposed to dim light (3 Ix). This would suggest that snails can 
perceive the difference between a completely dark environment and a dim 
one (3 Ix). An alternative explanation is that box volume may have had an 
effect on infection success, since the clear boxes contained half as much 
water as the blue boxes. However, we adjusted the snail numbers so that 
snail density was equivalent between the 2 treatments. Other factors 
associated with box size could potentially have influenced the outcome, 
such as aeration rate, which was not measured, or temperature (although 
snails were kept in a temperature controlled room typically ranging 
between 25.5 and 27.2 C). Even though the clear box and the blue box 
differed in dimensions, the blue boxes and dark boxes were of the same 
dimensions and were internally identical environments except for the 
transmitted light. This implies that the difference in prevalence between 
the 2 treatments was indeed due to difference in light intensity. Therefore, 
variation in light regimes was the primary difference among the artificial 
environments. Although light intensity was the primary difference between 
the treatments, it is also possible that certain wavelengths were filtered out 
with the blue boxes yielding the difference in infection success. It should 
also be noted that it is possible that the differences we detected among our 
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treatment groups reflect delayed development of the parasites in dim light 
conditions rather than the snails differing in susceptibility, since we 
monitored infections for 9 or 10 wk in the experiments. However, we do 
not believe that this is likely because the rates at which infected snails were 
discovered over the 5 wk intervals declined sharply after the first 
assessment and were similar among all treatment groups (Fig. 2). If the 
dim light treatment caused delayed development of the parasites, it would 
be expected that the number of infected snails would increase over time. 
Previous studies have shown that although melanic forms of B. glabrata 
exhibit positive photokinesis (Pimentel-Souza et aI., 1984), an albino form 
(M line) exhibits negative photokinesis (Sodeman and Dowda, 1974). The 
snails in this study were also an albino form, so it is possible that they also 
react negatively to light. We hypothesize that stress caused by relatively 
bright light or constant darkness reduced immune function, allowing 
greater infectivity of S. mansoni under these circumstances. The 
relationship between stress and immunity is not fully understood and is 
particularly poorly understood for Biomphalaria. Stress in vertebrates cart 
be both immunosuppressive and immune-enhancing, depending on the 
type of stressor and duration (Dhabhar, 2008; Martin, 2009; Ellis et aI., 
2011). Environmental stressors have been shown to reduce the numbers of 
hemocytes or phagocytic activity of hemocytes in a variety of mollusks 
(Lacoste et aI., 2001, 2002; Hooper et aI., 2007; Ellis et aI., 2011) and thus 
could also reduce the function of hemocytes in B. glabrata, which playa 
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large role in the defense against S. mansoni (Bayne et aI., 2001; Hahn et aI., 
2001; Bender et aI., 2005). To understand the relationship between light 
cycle and immune function, stress needs to be assessed in the important 
snail hosts of the human pathogen S. mansoni. 
In conclusion, the environment into which an experimental host is 
placed after exposure to a parasite can influence the infection outcome 
resulting in over- or under-estimates of infection susceptibility if the 
artificial habitat does not reflect natural conditions. For this albino form 
of B. glabrata, both light and absolute dark environments resulted in 
higher rates of infection than dim environments. These husbandry 
conditions should be considered when assessing fitness and immunity of 
hosts because they could be greatly influenced by interactions between 
host genotype and environment. 
We acknowledge Michael Blouin and Christopher Bayne for providing 
resources and helpful discussion regarding this experiment, including the 
snails and parasites involved in this study. Partial Funding was supplied 
by NIH grant AI016137 and the General Research Fund at Oregon State 
University. 
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